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ABSTRACT
The Relationship Between the Amount of Time Spent in the Block Center and Gender
Differences in Preschool Children’s Spatial Performance
by
Narges Sareh
The current study investigated whether there is a relationship between the amount of time
children spend in the block center and their spatial skills, as well as the gender differences in the
amount of time children spend in the block center and in their spatial skills. In addition, other
factors influencing spatial skills were examined (e.g. child’s age, parents’ level of education).
Using a correlational quantitative design, 75 preschoolers in eight Head Start classrooms were
observed three times during their free play time. An existing instrument was used (TOSA:
Verdine & Golinkoff, 2018) to measure children’s spatial skills. In addition, children’s parents
reported the amount of time children played with spatial toys at home. Boys spent more time
playing in block center than girls, however, there was no significant difference between boys’
and girls’ spatial skills. Children who spent more time in the block center scored higher in the
spatial test, and a trend emerged suggesting time in the block area might benefit girls more than
boys. Child’s age and parents’ level of education were predictors of spatial skills, but they did
not moderate the relationship between spatial skills and the amount of time children spent in
block center. The findings highlight the potential of playing with blocks in developing and
improving spatial skills. Teachers and administrators should provide more opportunities for
children to improve their spatial skills, especially children who are from low SES families. This
study had some limitations such as the small sample size and the limited observation time. There
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is a need for more investigations and experiment to find strategies to engage children in spatial
play and support the improvement of their spatial skills.
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Chapter 1. Introduction
Background
Having been born in Iran, a country in which the government does not treat men and
women equally, I became familiar with gender discrimination from the early stages of my life.
From first grade I had to attend segregated schools because the religiously-driven laws in Iran
prohibit schools from enrolling both boys and girls. In addition, there are some differences in the
content being taught to girls and boys in some areas. For example, in a course in middle school
that is called “life skills,” girls learn to knit and cook, while boys learn to do carpentry. These
values are also advertised by the government-backed media all the time. However, growing up in
a liberal family whose values were different from the media and school gave me the opportunity
to see the discrimination and be sensitive to it.
One of the only things that always connected what I did at school with home for me was
mathematics. I enjoyed solving mathematical problems, and it always was easy for me to
understand. In addition, my father, who had the same passion in mathematics, would work with
me on various mathematical problems and help me understand the concepts. He would even
come up with new problems for me to solve; working on those problems with my father were the
most joyful moments of my life. In order to go to higher levels of mathematics in Iran, we
needed to compete with boys, but usually girls were the ones who would win the mathematics
Olympiads.
When I first came to the United States to study, and I learned about the gender gap in
children’s mathematical achievement in favor of boys (Hyde, Fennema, & Lamon, 1990; Leahey
& Guo, 2001), I was very surprised. I did more research and compared the statistics of the United
States with the world statistics, and I found out that actually this is a trend that exists in many
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countries around the world. However, there are few countries in which the gap in mathematical
achievement is the opposite; most of those countries are situated in the Middle East, including
Iran (TIMSS, 2015).
At first glance, one way in which the countries that have this gap in favor of girls are
similar is having a gender-segregated education system. I looked through research in the area of
mathematics and gender gaps in mathematics, and I found out that one of the contributing factors
to mathematics’ achievement is students’ self-perception about themselves as a mathematician
(Goldman & Penner, 2016). Some studies show that girls in countries which have a segregated
school system such as Iran have a higher self-perception of their abilities in math (Goldman &
Penner, 2016). This does not mean that gender segregation is the solution to the gender gap,
because there are many other problems that gender-segregated classrooms create. For example,
gender-segregated classrooms may negatively impact boys’ and girls’ social and personal
growth, because they do not spend time with each other and may develop negative stereotypes
about each other (Halpern et al., 2011). However, there might be ways to help girls perceive
themselves as just as capable as boys in mathematics.
To find out more about gender differences in mathematics, I started digging deeper. I
found out that the gender gap in countries like the United States is more observable in spatial
skills (Wei, Liu, & Barnard-Brak, 2015). These are the skills that support understanding and
remembering the spatial relations among objects as well as their position in the space.
I believe that in order to solve a problem we first need to know the root cause. Thus, I
explored methods that help children develop spatial skills, and I decided to focus on children’s
spatial skills in the United States. I found that playing with spatial toys is one of the practices
that help young children build their spatial skills, and spatial toys are usually used more by boys
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(Hanline, Milton, & Phelps, 2001). I was curious to see if that could be one factor that
contributes to the development of spatial skills, and I found some research that examined
children’s play with blocks. Most of these studies analyzed young children’s complexity of the
block play and found that boys build more complex constructions with blocks (Verma, 1980).
However, they usually did not account for other variables such as the amount of time students
spend playing with blocks.
I began to hypothesize that the amount of time that children spend interacting with blocks
might be an influential factor, and my hypothesis is supported by a study that controlled the
amount of time that children played with blocks for three years and did not find any significant
differences in boys’ and girls’ constructions’ complexity (Hanline et al., 2001). Because of my
interest above, the evolving story of math skills and gender differences (Hyde et al., 1990) and a
recent study showing decrease in gender differences in math in general, and because few studies
exist on this topic (and those that do are very old), I decided to design a research study that could
answer some of my questions about what underlies the gap in boys’ and girls’ spatial skills.
Statement of the Problem
Research suggests a gender gap in early mathematics achievement in the United States in
favor of boys (Ayalon & Livneh, 2013; Lonnemann, Linkersdorfer, Hasselhorn, & Lindberg,
2013; Nosek et al., 2009). This gap increases in higher grades (Felson & Trudeau, 1991; Lauer,
Yhang, & Lourenco, 2019). The gender gap in most of the mathematics areas has declined over
time (Hydeet al., 1990), but one of the areas in which the gender gap is still evident is spatial
skills (Voyer, Voyer, & Bryden, 1995). One of the contributors to children’s development of
spatial skills is playing with spatial toys such as blocks (Williams & Kamii, 1986). Blocks have
been a part of early childhood classrooms for a long time, and their impact on developing spatial
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skills has been researched extensively (e.g., Caldera et al., 1999; Jirout & Newcombe, 2015;
Wolfgang, Stannard, & Jones, 2001). Most of this research does not address gender differences,
and the research that has been done on the relationship between blocks and gender differences in
spatial skills focused mainly on the complexity of the block structures that children are making
(e.g., Caldera et al., 1999; Jirout & Newcombe, 2015; Wolfgang et al., 2001). Limited research
has focused on the amount of time spent playing with blocks and its relationship with spatial
skills (Hanline et al., 2001)
It is important to investigate this topic in order to gain a better understanding of the
relationship between block play and spatial performance. If boys are playing in the block center
more, and time in the block center supports spatial skills’ development, then girls are missing out
on key experiences that may be contributing to the development of their spatial skills.
Findings from a longitudinal study that controlled the amount of time children played
with blocks did not indicate any significant gender difference in the complexity of children’s
construction or in their spatial skills (Hanline et al., 2001). In addition, although many educators
anecdotally report boys playing in the block center more than girls, there are few studies that
have been done that investigates the relationship between the amount of time children spend
playing with blocks and differences in gender and spatial skills. Therefore, this dissertation is
seeking to answer the following questions:
Research Questions
1. Is there a difference between boys’ and girls’ (independent variable) in Head Start
classrooms in a southeast region of the United States in terms of a) time spent playing in
the block center, and b) their spatial skills (dependent variables)?
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2. Is there a relationship between the Head Start boys’ and girls’ amount of time in the
block center and their spatial skills? Is this relationship moderated by child or family
characteristics?
I expect that boys will play more in the block center because of the prior studies that found a
difference between the amount of time boys and girls spent building with blocks (Hanline et al.,
2001). In adition, I expect to find a positive association between the amount of time children
spend playing at the block center and their spatial skills, since previous studies found a
relationship between playing with spatial toys such as blocks and spatial skills (Caldera et al.,
1999; Jirout & Newcombe, 2015; Williams & Kamii, 1986; Wolfgang et al., 2001).
Theoretical Framework
Spatial Skills Defined
Verdine, Golinkoff, Hirsh-Pasek, and Newcombe (2017) defined spatial ability as a
general term that includes how we process the information about ourselves and different objects
in the environment and space. Spatial skills are a set of skills that include spatial perception,
mental rotation, and spatial visualization (Linn & Petersen, 1985), which are defined in detail in
the next chapter of this dissertation. For the purposes of this study, I am focusing on spatial
ability as a whole and a combination of the three categories (Verdine et al., 2017). This decision
was made in part because there are no instruments to measure mental rotation for children under
5 years of age, and the instrumnet (TOSA) used in this study measures the spatial skills as a
whole and combination of categories (Verdine & Golinkoff, 2018).
Spatial Development
The theory informing the framework of this study regarding spatial development is an
approach that was discussed by Newcombe and Huttenlocher (2000) called the interactionist
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approach. They believe that biological factors influence spatial development, however, they are
not the only factors to be considered in the development of spatial skills. They argue that both
biological and environmental factors interact with each other and support spatial development
from infancy. In other words, children are born with spatial coding abilities, and the experiences
that they receive through the environment lead to the development of spatial skills. This view of
spatial development suggests that children are born with a spatial coding system that matures to
an adult competency in spatial ability. However, even adults make errors in spatial judgment that
might be caused by the multiple levels in which the spatial coding occurs. “A fundamental
distinction is that the location of an object can be coded in two basically different but
coordinated ways: with respect to external landmarks or with respect to the self” (Newcombe &
Huttenlocher, 2000, p. 14). Therefore, children’s errors in spatial tasks could be caused by two
factors: the spatial development system is not matured enough, or the developmental system is
matured, but the mature system is showing biases.
Newcombe and Huttenlocher (2000) defined the characteristics of a mature spatial coding
system and how children reach that mature system. As mentioned above, spatial coding based on
external references (coding an object’s location with respect to other objects) and spatial coding
based on self-reference are the two levels of the spatial system (coding the relationship between
self and other objects). There are two different types of coding strategies that we use in each of
these levels of the spatial coding system to understand the existing spatial relationships
depending on the situation. Each of these strategies develop in a different time in children’s life.
Cue learning and place learning are two strategies that are usually used to code spatial
relationship based on external references. Cue learning is finding the location of an object based
on its habitual location. For example, we expect to find milk in the refrigerator, and we do not
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expect to find a dress in the oven. Cue learning also involves remembering an area where we
place an object, for example we know that we put the paper on the desk or the bag in the closet.
This way of coding develops quite early in life, and we still use it in adulthood. Place learning is
finding the location of objects based on the direction and distance from a landmark. For example,
you lost your keys 6 feet from the fire hydrant. This ability usually develops in the second year
of life and improves as children grow older.
Spatial coding based on self-reference includes two main types of coding strategies:
response learning and dead reckoning. Response learning is using a movement pattern that has
been associated with a certain goal, for example, you might reach out for your phone considering
its usual location and using the habits that were formed. A more complex coding type for selfreference level is dead reckoning. In this coding strategy a person stores the information
regarding the location of an object based on their own distance and direction from the object and
adds the information from his/her own movement and is able to locate the object later. All of
these types of coding work with each other in different levels of the spatial system to create a
coherent spatial system (Newcombe & Huttenlocher, 2000). Children develop these levels and
strategies through their experiences in life.
According to the interactionist approach, spatial ability develops early in children’s lives.
By around 16 months children have developed some of the characteristics of an adult spatial
system, however, their spatial ability differs in many ways with adults’ spatial coding.
Huttenlocher, Newcombe, and Vasilyeva (1999) suggest that at the age of 6 months, children are
able to track moving objects with their eyes to locate their location. One-year-olds can track a
hidden object, therefore, they are able to understand the concept of distance; they can use
landmarks and distance to describe a location by the age of two. Toward the end of the second
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year of life children begin to represent the spatial information they receive; they also begin to use
the spatial information they have received before and use it to problem solve,. This is the onset
of spatial reasoning, which is the ability to see the 2-D and 3-D objects mentally and solve
related problems (Newcombe & Huttenlocher, 2000). Children grow their spatial skills using
maps and models which are symbolic representations of spatial information. Although maps and
models both are symbolic representations of spatial information, they differ in three ways.
Models are three dimensional, and maps are usually two dimensional; models are small replicas
of the object, but maps are more abstract and symbolic; and usually models stand for smaller
spaces, but maps can cover large spaces such as a country or the world. Using maps and models
require reasoning and planning abilities, which improve with practice (Newcombe, 2007). Maps
and models could be one of the tools that can be used to enhance children’s spatial development.
In the current study I proposed that children develop spatial skills early in their life,
maturing their spatial coding system through their experiences with environment and other
people, and that the spatial skills can be enhanced by practice. Therefore, the interactionist
approach (Newcombe & Huttenlocher, 2000) to spatial development supports my hypotheses
that practice with spatial toys (specifically blocks) is correlated with children’s spatial scores. As
Newcombe and Huttenlocher (2000) suggested, models are one of the tools that could enhance
children’s spatial skills. When children build with blocks, they practice various spatial skills;
they use blocks to build models of objects in their immediate or distal environment. Block
constructions are representations of children’s spatial knowledge, which becomes more complex
with practice. Thus, playing with spatial toys (specifically blocks) can enhance spatial skills.
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Gender Development
The gender development theory informing the framework of this study regarding gender
differences is the gender schema theory that was developed by Bem (1983). According to Bem
(1981), gender development is a process involving environmental factors as well as cognition.
This theory argues that gender roles are learned through the culture of our society; we learn the
gender norms from our culture from childhood. Gender schema theory assumes that the main
factor in developing gender identity are gender-schematic processes that happen in a child’s
mind. The child receives and analyzes information from external sources such as society, culture,
etc. and creates a schema of who a male or a female is. During this process the child will put
himself/herself in one of those categories based on the information that he/she has about
him/herself (assimilation) and adjust his/her behavior based on those gender norms. Children
show preference for activities that are seen as gender appropriate by their culture at around 4
years of age. This is the beginning of the sex-typing process in children. Sex typing is the
“process by which a society thus transmutes male and female into masculine and feminine”
(Bem, 1981, p. 1).
The current study is based on the assumption that gender development occurs through
gender-schematic processes, and children create schemas based on the information that they
receive from the society and culture. Therefore, if the society sees certain toys, specifically
blocks, as a masculine toy, children will develop this schema that blocks are for boys, or girls do
not play with blocks. Based on this assumption, I expect to find that girls will spend less time in
the block center than boys, because based on sex-typing processes in the society they
unconsciously associate blocks with boys. In other words, as Bem (1981) discussed, girls have
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developed a schema of toys with which girls should play, and blocks are not in that category.
That schema shapes the information they receive from their environment, society and culture.
Purpose of the Study
The purpose of this quantitative correlational study is to investigate the relationship
between the amount of time preschool (3-5-year-old) children spend in the block center and their
gender and spatial skills, as well as other moderating variables. The data was collected from 75
children who were between three and five years old across eight Head Start classrooms in a
southeast region of the United States.
Definition of Terms
Blocks: solid shapes that do not interlock like Legos.

Block play: observing, touching, moving, stacking and manipulating blocks in the block
center.
Interacting with blocks: observing, touching, moving, stacking and manipulating blocks
in the block center.
Free play time: the part of time during the day in which children are given the option to
choose their play activity.
Gender: gender is a social construct and includes characteristics that are associated with
men and women in each society and culture (WHO, n.d.).
Gender gap: the achievement gap between boys and girls.
Spatial skills: Spatial skills are a set of skills that include spatial perception, mental
rotation, and spatial visualization (Linn & Petersen, 1985); in the current study spatial skills are
conceptualized as combination of all three categories.
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Limitations of the Study
The sample size was small. Because of the COVID-19 pandemic and the closure of
schools, I was not able to collect data on the total sample as planned, which included 10 Head
Start classrooms and 100 children. Instead, I had to conduct the study with 8 classrooms which
contributed to smaller sample size of 75 children. The children were not randomly chosen from
all Head Start classrooms in the area; however, I did select the classrooms randomly. The
population is limited to a southeast state of the United States, and most of the participants are
white, which limits the ability to generalize the findings.
In all Head Start classrooms that were observed, there was a limitation on the number of
the children who could attend the block center at a time; most of the classroom allowed three to
four children to attend the block center, and the rest of the children had to wait for someone to
leave the center before they could enter. During my observations, there were many times that
some children wanted to play in the block center, but they were not able to do so because the
center was full. Anecdotally, most of the children who wanted in but could not get in were boys,
but this is still worth investigating further. Moreover, the amount of time each classroom was
observed during the free play time was limited to three time periods over 3 separate days. This
decision was made because of the time limitations to collect the data, but future work could
include additional observations or use of cameras. No data were collected on teachers’
background characteristics which could have been a variable influencing children’s attitude
towards block play as well as their spatial skills. Future work should collect such data and
include information such as teacher interviews.
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Organization of the Study
This chapter included a review of why the researcher is interested in this topic as well as
why this study is significant. The research questions, the theoretical framework, the definition of
terms and the limitations of the study are described in the first chapter as well.
The second chapter is the literature review, which includes a thematic review of literature
consisting of sections on the importance of early mathematics, gender, and block play. The
theories guiding this study are discussed more in-depth in this chapter.
The third chapter is the methodology, in which the design of the study as well as the data
collection methods are explained in detail. The participants, the instrument and the procedure of
collecting data is explained.
Chapter 4 is results; it includes the processes of the data analysis for both descriptive and
inferential statistics. Each research question is addressed individually.
Chapter 5 contains the discussion of findings, implications, future research, and
limitations of the study.
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Chapter 2. Literature Review
This chapter reviews the existing literature on gender difference in spatial skills as well as
relationship between playing with blocks and developing spatial skills. The topics discussed in
this literature review include the importance of early mathematics and spatial ability, potential
gender differences in mathematics performance in spatial skills, and block play. In addition, the
role of socioeconomic status and home environment in spatial skills is discussed.
The Importance of Early Mathematics
Mathematical knowledge plays an important role in our day-to-day lives as well as the
career paths we choose. We use math to manage our finances, tell time, find directions, analyze
data, and recognize patterns. Mathematics helps us to develop various skills such as critical
thinking, problem-solving, and reasoning skills which are essential in making decisions and
solving problems in today’s fast-paced life (Ojose, 2011).
Supporting children to build a strong early mathematical foundation by the end of the
preschool is important for their later math achievement at school (Clements, Samara, & DiBiase,
2004; Watts, Duncan, Seigler, & Davis-Kean, 2014). According to the National Council of
Teachers of Mathematics (2013), an early foundation in mathematics that is high quality,
challenging, and accessible is very important for students’ future understanding of mathematical
concepts. In their position statement, they state that the big math concepts should be provided to
young children in the form of experiences which are integrated into the daily classroom activities
(NCTM, 2013). These early experiences need to be research-based and developmentally
appropriate and create an encouraging and engaging climate to develop children’s confidence in
their own mathematical abilities.
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A longitudinal study by Jordan, Kaplan, Ramineni, and Locuniak (2009), investigated the
relationship between early number competence and later achievement in mathematics. They
measured the level of children’s number competence in kindergarten to find out if it predicts
their mathematics performance after first grade and between first grade and third grade. The
participants were 196 kindergarten students. Each child’s number competency and mathematics
performance were measured 11 times in total between kindergarten and third grade. The findings
showed that there is a significant relationship between level of children’s number competence in
kindergarten and their mathematics performance in first grade to third grade. The level of
number competence in kindergarten predicted the mathematics achievement in higher grades
(Jordan et al., 2009). The findings of this study highlight the importance of learning
mathematical skills early on in life and the fact that early mathematics skills shape the
foundation for later mathematics achievement.
In another study Watts et al. (2014) used the data from the National Institute of Child
Health and Human Development (NICHD) and study of Early Child Care and Youth
Development (SECCYD) to examine the relationship between early mathematics knowledge and
students’ later high school performance. The data were collected on 1,364 children from 10
different areas in the United States. Mathematical achievement was measured by the Woodcock
Johnson-Revised (Woodcock, McGrew, & Mather, 2001). The test was administered at 54
months; first, third, and fifth grade; and at age 15. They found that there is a significant
relationship between children’s early mathematics knowledge at the start of kindergarten and
their later math and reading skills at age 15 (Watts et al., 2014). This relationship between early
mathematics knowledge and later mathematics achievement was consistent even when other
variables, such as personal and family background were controlled.
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Claessens and Engel (2013) analyzed the data from Early Childhood Longitudinal StudyKindergarten (ECLS-K) cohort which includes data from a nationally representative sample in
which the participants were observed from kindergarten to eighth grade. They used the data to
examine the relationship between early math abilities (kindergarten entry) including identifying
numerals, recognizing geometric shapes, counting up to 10, and later math achievement and
performance in school. Using data from 7,655 students that completed the study, they found that
“children’s early math skills were more important predictors of later achievement than were their
early language and literacy skills” (Claessens & Engel, 2013, p. 20). This study confirms the
findings of other studies that found a relationship between early math skills and math and other
achievement later in school (Jordan et al., 2009; Watts et al., 2014).
The evidence that early math skills predict later math achievement in higher grade levels
(Jordan et al., 2009; Watts et al., 2014) is important because it means that children’s early
performance and what experiences teachers provide for children early in their schooling, really
matters when it comes to math. It is also important considering there are multiple reports that
show a large number of children perform below average levels in mathematics (TIMSS, 2015).
Early math skills include a wide variety of skills such as number sense, numeral
recognition, matching, sorting, etc. However, the focus of this study is on spatial skills and
gender differences in the development of spatial skills in young children. Therefore, the
following parts of this chapter will focus on spatial ability and the importance of early
experiences that improve different aspects of spatial ability.
Spatial Ability
What is spatial ability, and why is it important? According to the U.S National Research
Council (2006), spatial thinking and reasoning is defined as being aware of our location or the
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location of objects in the space, either mentally (visualizing space, mental rotation) or physically.
They added that spatial thinking is not just one ability; rather it consists of various concepts,
tools, and mental processes. Gagnier and Fisher (2016), defined spatial thinking as “a set of
mental skills that enable us to reason about space and the relationship between objects” (p. y1).
Verdine et al. (2017) defined spatial ability as a general term that includes how we process the
information about ourselves and different objects in the environment and space.
Spatial skills are specifically important in order for us to be able to function in our dayto-day life. Many of the abilities that help us accomplish daily tasks involve spatial skills, for
example, using a map to find our way or where the grocery store is in relation to our home. In
addition, spatial ability is an important factor in learning mathematics and developing an
understanding of various mathematical concepts. Various studies investigated the relationship
between spatial skills and later mathematics and educational achievements (Shea, Lubinski, &
Benbow, 2001; Verdine, Irwin, Golinkoff, & Hirsh-Pasek, 2014). Spatial skills are also related to
other later achievement in other areas of knowledge. For example, Shea et al. (2001) found that
spatial ability as measured in adolescence was predictive of educational and vocational outcome
at age 33. Students with higher spatial ability were more likely to have careers in the fields of
science, technology, engineering, and math. The majority of these studies found a positive
correlation between spatial skills and mathematics achievement; some of them will be discussed
in this literature review.
Spatial ability is usually divided into three categories (Linn & Petersen, 1985): spatial
perception, mental rotation, and spatial visualization. Spatial perception is the ability to see the
relationship of shapes, distances, and features with respect to a person’s own body (Simmons,
2003). For example, when someone wants to play sports, such as soccer or volleyball, he/she
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uses spatial perception skills to see the position of the ball, other players, and the net with respect
to his/her position in the field. That is how a soccer player calculates how to kick a ball in order
for the ball to enter the goal and not go outside or decide who has a better chance to receive a
pass.
Mental rotation is the ability to imagine how an object would look if the orientation was
changed (Frick, Hansen, & Newcombe, 2013). For example, when we look at a cup, we would
be able to imagine what we would see if the cup was turned upside down or any other
orientation. Mental rotation tasks often appear on IQ tests. Currently there is not an instrument
available that can measure young children’s (under 5 years old) mental rotation abilities properly
(Frick et al., 2013).
The third category is spatial visualization, which is the ability to manipulate different
shapes and object mentally (2-, or 3-dimension objects). There are various opinions about what is
spatial visualization. Some studies categorize mental rotation as a subcategory of spatial
visualization since they are both related to manipulating shapes and object mentally (Sorby,
1999); others describe these as three separate categories that link to later math achievement (Linn
& Petersen, 1985).
The current study does not focus on any of the individual categories specifically but
rather focuses on spatial ability as a whole and a combination of the three categories (Verdine et
al., 2017). This decision was made in part because there are no instruments to measure mental
rotation for children under 5 years of age. The following section will discuss the factors
influencing the development of spatial skills as well as existing literature on the relationhip
between early spatial ability and mathematics achievement.
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Factors Influencing Spatial Skills
Various studies investigated the development of spatial skills and factors influencing
their development (Casey, 1996; Hoffman, Gneezy, & List, 2011; King, Katz, Thompson, &
Macnamara, 2019; Mohler, 2008 ). They identified both hereditary and environmental factors
influencing the development of spatial ability (Casey, 1996; Newcombe & Huttenlocher, 2000).
Spatial ability is malleable and can be improved by training (Hoffman et al., 2011; Lowrie &
Jorgensen, 2018; Uttal et al., 2013).
A meta-analysis by Uttal et al. (2013), investigated the impact of training on development
of spatial skills. This meta-analysis included 217 research studies that involved a training to
improve spatial ability. On average, training had an effect on spatial ability (Hedges g = 0.47).
Gender did not influence the magnitude of the training’s effect, but the training did not cause any
decrease in gender gap either. The initial level of spatial skills was negatively related to the
magnitude of the training effect. The training also affected the spatial areas that were not
included in the training. Different areas of spatial ability are discussed next.
In another meta-analysis King et al. (2019) investigated the role of environment in
development of spatial skills. The studies included in the meta-analysis were 37 twin studies that
examined same-sex twins’ spatial ability. The sample size was 41, 263 same-sex twins (18,296
monozygotic, 23,327 dizygotic). Participant were aged between 3 to 98 years old. They found an
environmental influence on spatial skills for the childhood group (4-15), however the
environmental factor was not significantly correlated with spatial performance in older age
groups. This suggests that experiences early in life are more likely to influence the development
of spatial skills.
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Relation Between Spatial Skills and Achievement
Other studies measured the relationship between earlier spatial skills and mathematics
achievement. One study investigated the contribution of spatial abilities to early mathematics
achievement with 44 preschool children (22 girls, 22 boys) who were assessed at 3 years of age
using the Test of Spatial Assembly (TOSA) to measure their spatial ability (Verdine, Irwin et al.,
2014). The same children’s mathematics achievement was assessed one year after when they
were four years old using the Wechsler Individual Achievement Test (WIAT) (Wechsler,
WPPSI-IV: Weschsler preschool and primary scale of intelligence, 2012), the Beery Test of
Visual Motor Integration (VMI) (Beery & Buktenica, 1997), and the Flexible Item Selection
Task (FIST) (Jacques & Zelazo, 2001). They found a strong association between spatial ability
and math achievement after a year, even when controlling for factors such as SES (Verdine,
Irwin et al., 2014). This study emphasized the importance of developing strong spatial ability
early and its effect on mathematics performance.
Additional studies investigated the relationship between spatial ability and mathematics
achievement further (Rittle-Johnson, Zippert, & Boice, 2019; Shea et al., 2001). In a recent
study, Rittle-Johnson et al. (2019) investigated the relationship between development of
repeating patterning skills, spatial skills, and mathematic performance. They hypothesized that
there will be a correlation between repeating patterning skills and spatial skills and that spatial
skills would predict children’s current math knowledge as well as their math knowledge seven
months later. To investigate these hypotheses, they assessed 73 preschool children (4-5 years of
age) individually at the beginning of the school year in two 30-minute sessions. The assessment
included verbal ability, patterning, form perception, spatial visualization, and math knowledge.
The children were assessed for a second time at the end of the school year on math knowledge
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(Rittle-Johnson et al., 2019). The result showed a strong relationship between patterning and
spatial skills which supported the researchers’ first hypothesis. In addition, spatial skills and
patterning were both correlated with math knowledge in both assessment periods. Similar to the
previous study discussed here (Verdine, Irwin et al., 2014), the findings of this study (RittleJohnson et al., 2019) shed light on the importance of development of spatial skills in the early
years of children’s lives.
Verdine, Irwin et al. (2014), examined the relationship between preschool children’s
spatial and mathematical skills. One hundred and two preschool children’s (55 boys, 47 girls)
spatial and mathematical performance were tested using the Test of Spatial Assembly (TOSA)
and Early Mathematics Assessment System (EMAS; Ginsburg, Pappas, & Lee, 2009). In
addition, demographic information was collected from parents. The findings indicated a strong
correlation between the children’s performance on the spatial ability test and the mathematics
test. In addition, the children from lower socioeconomic status (SES) did worse on the spatial
ability test than the children from higher SES background. No gender differences were found in
spatial ability performance scores. The findings of this study emphasized the importance of
spatial ability knowledge and its relationship with mathematical knowledge as well as the
influence of SES on spatial performance.
Gilligan, Flouri, and Farran (2017) used the data from a longitudinal, population-based
study in the United Kingdom to investigate the association between spatial skills and
mathematics in middle childhood. Questionnaires, interviews, and cognitive assessment tests
were administered 5 times: when children were 9 months, 3, 5, 7, and 11 years of age. However,
this study solely used the data collected when children were 5 and 7 years old. The sample
included 12,099 participants. The mathematical performance was measured using a shortened
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version of the National Foundation for Educational Research Progress in Math (NFERPiM;
NFER, 2004). In addition, the Pattern Construction Subscale of the BAS-II was used to measure
spatial ability (BAS-II; Elliot, Smith, & McCullock, 1996; Hill, 2005). The findings indicated
that spatial ability at age 5 was correlated with the mathematics achievement at age seven, and
spatial skills were a predictor of later mathematics achievement.
A longitudinal study by Shea et al. (2001) measured the spatial abilities of a sample of
intellectually talented children in 7th grade to investigate its relationship with their vocational and
educational outcome through their life until age 33. The participants were 170 girls and 393 boys
between 12 to 14 years of age. They used two subtests of the Differential Aptitude Test (Bennet,
Seashore & Wesman, 1974): the Space Relations (DAT-SR) and Mechanical Reasoning (DATMR) tests. Survey data were collected at 18, 23, and 33 years of age. The survey data included
“favorite and least favorite high school class, undergraduate degree major, graduate degree
major, and occupation at age 33” (Shea et al., 2001, p. 606). They found out that spatial ability as
measured in adolescence was predictive of educational and vocational outcome at 33 years of
age. Students with higher spatial ability were more likely to have careers in the fields of science,
technology, engineering, and math. The finding supports the hypothesis that spatial ability
predicts later career in Science, Technology, Engineering, and Math (STEM) fields.
In conclusion, spatial skills are important, however, some students may need extra
support to build up their spatial skills, so they are in line with peers. Spatial ability, other than
being a critical skill in day-to-day life, is a skill that correlates with, and might predict, later
mathematics achievement. The next section discusses the role of gender in developing spatial
abilities, starting with gender differences in children’s mathematics performance.
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Gender
Gender Differences in Mathematic Performance
Some studies found gender differences in children’s mathematics performance as early as
3 years of age, and these gender differences increase as age increases (Hyde et al., 1990; Leahey
& Guo, 2001). However, the magnitude of overall gender differences in mathematics
performance appears to be decreasing over time, since the 1980s (Else-Quest, Hyde, & Linn,
2010; Hyde et al., 1990). One of the areas of mathematics in which gender differences still exists
is spatial abilities (Else-Quest et al., 2010). The following are some of the studies that
investigated gender differences in mathematic achivement.
In a meta-analysis, Hyde et al. (1990) studied gender differences in mathematics
performance for students in the United States. Although somewhat dated now, the study was
sweeping in scope and included a large sample, therefore I decided to discuss this study here.To
measure mathematics performance, the mathematics scores of participants on various
standardized tests such as American College Testing Program Test (ACT), Graduate
Management Admissions Test (GMAT), Scholastic Aptitude Test (SAT-Q), Graduate Record
Examination (GRE), and Iowa Test of Basic Skills (ITBS) were used. They investigated seven
research questions regarding the gender differences in mathematics performance including “Does
the magnitude or direction of gender differences vary as a function of the mathematics content of
the test? Developmentally, at what ages do gender differences appear or disappear and for what
cognitive levels? Does the magnitude of the gender difference vary depending on the selectivity
of the sample? Has the magnitude of gender differences in mathematics performance increased
or declined over the years?” (Hyde et al.,1990, p. 140). The meta-analysis included 100 studies
on gender differences in mathematics performance; the sample size was 3,175,188 including
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1,585,712 males and 1,589,476 females. They reported a gender difference in overall
mathematics performance in favor of males. However, age played an important role in the
magnitude of gender differences such that age had a positive relationship with the magnitude of
gender differences in mathematic performance. That is, the older the participants were, the
higher the gender differences in math performance were in favor of males. In adition, this metaanalysis found a decline in the magnitude of overall gender differences over the years. The
regression analysis found three significant predictors for gender differences in mathematic
performance: age, selectivity of the sample, and cognitive level of the test. Age was the strongest
predictor followed by selectivity of the sample (the level of selection of the sample for example
was the sample selected for low performance or generally selected). Cognitive level of the test
refered to the content level that the performance test measured. The most significant gender
difference was observed in complex problem solving in favor of males (Hyde et al., 1990).
More recent studies regarding gender differences in children’s mathematical performance
have found similar results. In a more recent meta-analysis Reilly, Neuman, and Andrews (2015),
examined whether there are still gender differences in mathematics and science achievements of
students from 1990 to 2011 using the data from National Assessment of Educational Progress
(NAEP). The NAEP data in mathematics from 1,925,100 students from 4th, 8th, and 12th grades
were investigated. The mathematics scores of participants on the NAEP standardized test was the
measure of their general mathematics achievement. The results showed a small but stable mean
sex difference favoring males in mathematics during these two decades. Grade level was a
moderator in gender differences, “…gender differences were extremely small in elementary and
early high school, they grew larger in the final year of high school” (Reilly et al., 2015, p. 650).
These findings support the earlier research finding that gender differences in mathematics
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achievement begin early in life and increase as children go to higher grades. However, the
magnitude of the differences appeared to be shrinking compared to earlier studies.
A study conducted in Italy (one of the countries in which boys perform higher in
mathematics) used the math test scores from a national database which assesses children’s
achievement in various content (Contini, Tommaso, & Mandolia, 2017). The math scores of 2nd
to 10th grade students from this database were included in this study. The national database
(INVALSI) assesses all Italian children’s math and reading since 2010. The math section of the
INVALSI test measures children’s ability to “use mathematical knowledge to solve problems,
real or otherwise, logical skills, interpretation of graphs, interpretation of phenomena with a
quantitative dimension, modeling, or use in various scientific disciplines” (Cellamare & Carrada,
2018, p. 7). They chose 8 cohorts of students and used their data in this study. They analyzed the
data to measure the magnitude of gender difference in mathematics in each grade separately as
well as when the gender differences are larger. The results suggest a significant effect for gender
on math test scores in all ages in favor of boys. The gender gap increased as the student went to
higher grades, and the gap was very large specifically in high school. “Gender gap exists at an
early age (in grade 2 for Italy) and it increases in older grades” (Contini et al., 2017, p. 21). The
findings of this study support other studies that were discussed in this literature review and found
a gap in mathematics performance of boys and girls as early as second grade (Hyde et al., 1990;
Reilly et al., 2015).
Other studies examined gender differences in math performance by focusing on specific
components of mathematics. Wei et al. (2015) investigated gender differences in the trajectories
of mathematics and reading achievement. The sample of their study was 8,503 participants from
the Early Childhood Longitudinal Study-Kindergarten Cohort (Tournageu et al., 2009), which
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was a national longitudinal dataset. The participants were in kindergarten through 8th grade. In
total, 4,255 of the participants were female, and 4,248 were male. The ECLS-K cognitive
assessment battery was used to measure children’s academic achievement from kindergarten
through 8th grade. Reading and mathematics were two domains that were assessed as early as
kindergarten. The results suggested a gender gap in mathematics achievement favoring boys; this
gender gap is visible in the rate of mathematical growth in favor of the boys (Wei et al., 2015)
which supports the finding of previous studies discussed here.
Cheema and Galluzzo (2013) conducted a study using the Program for International
Student Assessment (PISA) to investigate the gender gap in mathematic achievement in the
United States. They accounted for other variables, such as race, socioeconomic status, selfefficacy and anxiety which might influence the gender gap in their analyses. The sample
included 4,733 students (2,345 boys and 2,388 girls) selected randomly from the data base. The
participants were all 15-year-olds. The analysis showed a positive correlation among math
performance, self-efficacy, and socioeconomic status and a negative relationship between math
performance and math anxiety. Also, the one-way ANOVA test results indicated a significant
difference in math achievement of boys and girls in favor of boys. However, the gender gap was
very small when the race and socioeconomic status were controlled. They concluded that the
“gender gap disappears once other predictors of math achievement such as math specific selfefficacy and anxiety are controlled for” (Cheema & Galluzzo, 2013, p. 108). This study casts
doubt on earlier findings that did not control for other variables involved in boys’ and girls’
spatial performance, such as race and SES.
Lonnemann et al. (2013), conducted a study to investigate the gender gap in mathematics,
specifically numerical competencies in preschool children. The participants were 1,354 children
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4 to 7 years of age from 68 kindergarten classrooms in Frankfurt, Germany. The children’s
quantity and number competency were measured using Arabic digit naming, knowledge of
number word sequence, the concept of quantities, seriation of quantities, and abilities to compare
the magnitude of numbers tasks. Reasoning abilities were measured using The Columbia Mental
Maturity Scale of the BUEVA (Esser, 2002). Children were tested individually by assistant
researchers. The results indicated a performance gap on quantity number task where girls
outperformed boys in the reasoning task. However, the analysis suggested a better performance
for boys in overall number quantity abilities.
In contrast, one study by Felson and Trudeau (1991) found slightly different results. They
examined the gender differences in mathematics as well as other areas of academic performance.
The standardized test (Stanford Achievement Test) scores and grades were obtained from 22
fifth through eighth grade classrooms. A second set of data was collected from the high schools
that the same participants attended including the Scholastic Aptitude Tests (SAT) as well as
information about course enrollment and test scores for all students enrolled in mathematics
courses. They found that girls outperformed boys on all the areas of academic performance
including mathematics; however, their performance in mathematics was not as high as other
academic areas. Although they did not find a gender gap in mathematics in favor of boys, their
results indicated a decline in girls’ mathematics scores comparing to their scores in other
academic areas, which indicates a poorer performance for girls in mathematics as they got older.
Many studies both more and less recent have identified a gender gap in math. However, it
may be that the gender gap in mathematics achievement in various areas of mathematics is
decreasing (Cheema & Galluzzo, 2013; Contini et al., 2017). Current research suggests that there
may be one area of math in which the gender gap still exists and is increasing (Levine,
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Huttenlocher, Taylor, & Langrock, 1999; Voyer et al., 1995). The next section will discuss the
gender differences in spatial abilities, and factors impacting this gender gap.
Gender Differences in Spatial Abilities
A collection of studies have found that a gender difference exists in children’s spatial
abilities and that this is the only mathematics category in which males still perform significantly
better than females (Levine et al., 1999; Voyer et al., 1995; Leon, Cimadevilla, & Tascon, 2014;
Lauer et al., 2019). These gender differences start as early as preschool and grow as children get
older (Hyde et al., 1990; Leahey & Guo, 2001). Most of the research that has been done in this
area is relativly old, and there are not many recent studies that focused on the gender differences
in preschool children’s spatial performance. Therefore, the gender gap in spatial abilities is the
main focus of this study. This section will discuss various studies that explored gender
differences in young children’s spatial abilities as well as factors influencing the gender gap and
its increase.
A meta analysis by Voyer et al. (1995) investigated the magnitude of gender differences
in spatial abilities in studies conducted on spatial abilities before 1993. In this project, 286
studies were included, and the analysis of the findings showed that a gender difference in spatial
abilities exists, and it significantly favors males. The meta analysis covered participants from
four to 50 years old.
Levine et al. (1999) investigated the gender differences in young children’s spatial
abilities in two experiments. The first experiment used the spatial transformation task and the
vocabulary and mazes subtests of the Wechsler Preschool and Primary Scale of Intelligence Revised (WPPSI-R ) (Wechsler, 1967) to measure spatial ability of the children who participated
in the experiment. The participants of this study were 288 four- to seven-year-old children. The
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participants were divided into six age groups of 48 (24 male, 24 female in each group), and they
were tested on each subtest individually. The results showed a better performance for boys in the
spatial transformation task and mazes subtests of the test, but no gender difference was found on
the vocabulary subtest. This provided evidence that the gender differences in the other two
subtests are not caused by a higher level of general intelligence for boys. In addition, age group
was related to the gender differences in spatial performance; the gender differences appeared in
the 4 to 5 years of age group.
The second experiment was a control experiment in order to investigate whether the
finding of the children’s better performance in the second half of the test was because of chance
or practice (Levine et al., 1999). The findings showed that the children performed better in the
second half of the test, the same as the participants in the first experiment, which showed that
this improvement was caused by more practice. These findings indicated that the spatial skills
could be improved through training and practice which supports the conclusion of prior work and
supports my theory that playing with spatial toys could be practice for children to improve their
spatial skills.
In a meta analysis, Linn and Petersen (1985) investigated the magnitude of gender
differences in spatial performance, different aspects of spatial ability in which the gender gap is
found, and when the gender gap in spatial abilities first appears. The studies focused on spatial
ability from 1974 until 1982. They looked for three categories in this meta analysis: spatial
perception, mental rotation, and spatial visualization. The results indicated a gender gap in two
categories of spatial ability in favor of males. Males did better on spatial perception and mental
rotation than females. However, considering these findings are so dated the results might not be
the same today, therefore more recent studies will be discussed here as well.
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Stumpf (1993) conducted a study to investigate the contribution of test-taking style to
gender differences in spatial performance. They used 15 different spatial tests, administered to
three group of participants in order to determine the influnce of type of test on gender differences
in spatial performance. The participants were 806 twelve to seventeen-year-olds (344 females).
The findings indicated a gender difference in spatial performance in favor of boys for all the
tests, however, the degree of the gender differences varied in each test (Stumpf, 1993). The tests
that measured the spatial visualisation in general and mental rotation in particular were the tests
that showed larger gender differences. Stumpf (1993) suggested that mental rotation seems to be
a content related to gender differences. Even though the focus of this study was the impact of the
types of the testing administered to measure the spatial ability, a gender difference was detected
in spatial performance regardless of the testing method, which supports the findings of some of
the other studies discussed in this literature review (Levine et al., 1999; Voyer et al., 1995).
However, these were older children than those who participated in the present study.
Kerns and Berenbaum (1991) investigated gender differences in two groups of 9-13-yearolds using two parallel tests designed to measure spatial ability for both groups. The participants
for the first phase of the study were 81 (42 females) students from a public school. The test
included four spatial ability tests, two of which were developed by the researchers, and the other
two were taken from a battery developed by Tuddenham (1970). The results suggested a
significant gender difference on all the components of the test in favor of boys. A ceiling effect
was found for some of the items, two of which were modified for the second phase of the study
with the second group of participants.The participants for the second part of this study (Kerns &
Berenbaum, 1991) were 42 students (9-13 years of age), 21 of which were females. They were
recruited from another public school. The modified spatial tests from the phase 1 were used to
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measure students’ spatial performance. Boys performed better than girls in all the components of
the test, which is consistent with the findings of the previous studies.
Leon et al. (2014) investigated gender differences in development of spatial memory (the
memory recording information about environment and spatial orientation) in children between 4
to 10 years of age. The participats were 100 (50 females) children from two primary schools in
Spain. They were divided into 5 age groups (4, 5, 6, 7-8, 9-10) and consisted of 10 boys and 10
girls. Participants were randomaly assigned to an order for experiment sessions (Session I first or
Session II first). Session I included the Corsi Block Tapping Test, the Digit-Span Test, and the
Virtual Reality (VR) task. Session II included the Spatial Recall Test (SRT) and the VR task,
working memory version (Boringa et al., 2001). The results indicated an overall improvement in
children’s spatial performance after 5 years of age. In adition, when the spatial task difficulty
was low or extremely high the gender differenes were not evident. However, under a medium
level of difficulty, gender differences in favor of boys in spatial skills were evident.
In a meta analysis Lauer et al. (2019) investigated the “developmental change in the male
advantage in mental rotation performance” (p. 540) in children. This meta-analysis included 128
studies, and 30,613 children from 3 to 17 years of age from the United States. They found that
age is positively related to the gender differences in mental rotation. A small gender difference in
favor of boys starts in first grade, and it increases as the children get older. This is similar to
what other studies have found, as noted above.
Other Factors Influencing Gender Gap in Spatial Skills. There are few studies
investigating the contribution of other factors in gender gap in spatial skills. Authors argue that
this gender gap might be affected by other factors such as race and socioeconomic status that are
not controlled in studies done on gender gap in math achievement (Dearing et al., 2012; Levine
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et al., 2005). In a longitudinal study Levine et al. (2005) examined the impact of socioeconomic
status (SES) on gender differences in second and third graders’ spatial performance. The
participants were 547 students (276 boys, 271 girls) from 15 schools in Chicago. Boys and girls
were almost equally represented in each SES group, however, the number of students in the
middle SES group was larger than other groups (low SES: 113, middle SES: 278, high SES:
156). The participants were assessed in fall and spring of the second and third grade; during each
testing session children received an aerial map (Liben, 2001), mental rotation (Thurstone, 1974),
and syntax comprehension tasks. Children were assessed as a group in 30-minute sessions in
their classroom. The results indicated a significant interaction between gender and SES for the
two spatial tasks (aerial map and mental rotation). Boys in high and middle SES groups
outperformed girls in the two spatial tasks. However, no significant difference was found
between the performance of boys and girl in the low SES group. These findings suggest that
there may be other factors impacting gender differences in spatial performance.
Dearing et al. (2012) investigated the factors influencing the young girls’ arithmetic and
spatial performance. The participants were 127 first-grade girls and their mothers. The mothers
were interviewed about their socioeconomic status, maternal spatial skills, home environment,
and girls’ spatial activities. The children’s arithmetic, verbal, and spatial abilities were tested
using WISC_IV Block Design Subtest and the Peabody Picture Vocabulary Test (PPVT). The
results indicated that maternal level of education and family’s socioeconomic status predicted the
home investment in learning stimulation which predicted girls’ participation in math activities at
home and their math skills. However, the “spatial activities were not related to spatial skills”
(Dearing et al., 2012, p. 466). In adition, verbal skills and mothers’ spatial skills were predictors
of girls’ spatial skills.
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It is evident from the literature (Levine et al., 1999; Voyer et al., 1995) that the gender
differences in spatial skills emerge from very early years of children’s lives and that
environmental factors such as a family’s socioeconomic status play a role in spatial skills’
development. This suggests that we should pay attention to learning opportunities related to
spatial skills when children are young. Young children can learn early mathematics skills
through play (Ramani & Eason, 2015) therefore one of the ways that they can improve their
spatial skills may be through playing with construction blocks (Jirout & Newcombe, 2015;
Newman, Hansen, & Gutierrez, 2016; Schmitt, Korucu, Napoli, Bryant, & Purpura, 2018). The
following section will discuss block play, gender differences in children’s block play, and the
influence of block play on children’s spatial ability performance.
Block Play
Froebel (1817) introduced the blocks to early childhood classrooms in what he called,
“gifts.” One of his gifts was a cube box that consisted of 8 smaller cube blocks. Since then, many
studies have explored the influences of block play on children’s learning. Playing with blocks
supports children’ development of various skills. According to Williams and Kamii (1986),
interacting with blocks makes children mentally active and increases the accuracy of their
interpretation of sensory information that they receive combined with their prior knowledge in
order to create the desired outcome.
Playing with blocks can influence areas of development including language and literacy,
social, emotional, and motor development (Koralek, 2015). In addition, children develop
mathematical skills such as counting, sorting, classifying, identifying shapes, and spatial skills
while playing with blocks (Wellhousen & Kieff, 2001). The focus of the current study is the
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influence of block play on young children’s spatial skills, therefore, the relationship between
playing with blocks and spatial skills will be discussed in the next section.
But first, a note about what I mean by blocks. Blocks are solid shapes that do not
interlock like Legos. Blocks in the preschool classroom can take many forms, but the most
common is a set of light brown/off-white wooden blocks.
Block Play and Spatial Skills
Various studies investigated the relationship between playing with blocks or other spatial
toys and spatial skills. Jirout and Newcombe (2015) investigated the influence of spatial play
(blocks and puzzles) on children’s spatial thinking. The participants of this study were 847
children from the age of four to seven years from the normative sample for the fourth edition of
the Pearson education WPPSI-IV test. Fifty-one percent of the participants were female. The
instruments used in this study were the WPPSI-IV test (Wechsler, 2012) and the Home
Environment Questionnaire (Laing & Sines, 1984), the latter of which is a family survey that
was developed as a part of WPPSI-IV to collect data about children’s behavior, parent-child
interaction, and family demographics. Parents reported the frequency of children’s play with
various toys such as blocks, drawing tools, and dolls per week.
The results indicated a gap in spatial skills in favor of boys and that the children from
families with higher socioeconomic status outperformed the children with low socioeconomic
status. Moreover, the findings confirmed that “spatial play (i.e., playing with puzzles, blocks, and
board games) is positively associated with spatial skill while controlling for other aspects of
ability” (Jirout & Newcombe, 2015, p. 306). Analysis of data collected from the parents
indicated that boys played more with spatial toys at home than girls. Although the study was a
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correlational study, the amount of time children playing with spatial toys such as blocks might be
one of the factors that influences the gender gap in spatial skills.
Complexity of Block Constructions and Spatial Skills. Other studies investigated different
aspects of the relationship between spatial ability and playing with blocks. Caldera and
colleagues (1999) explored the relationship between children’s play preference in the classroom
and their visual-spatial performance as well as the relationship between children’s free and
structured play with blocks and their spatial skill performance. Fifty-one 3- to 5-year-olds (26
girls, 25 boys) were observed on two different occasions playing with blocks: one was
unstructured, and the other one was structured play. Children were taken out of the classroom
and were given blocks to build the best building they could build during the unstructured play,
while during the structured play, they were presented with a complicated model and were asked
to build the model with blocks. Three standardized tests were used to measure children’s spatial
abilities: the block design subtest (Wechsler, 1967), Embedded Figure Test (Karp & Konstadt,
1963), and Copying Blocks from Stanford-Binet Intelligence Scale.
The results suggested a gender difference in the number and types of blocks being used
during the unstructured play. “Girls were more likely than boys to use the unique or unusualshaped blocks, and boys were more likely than girls to build more than one structure during their
free block play time” (Caldera et al., 1999, p. 864). No gender difference was found in children’s
structured play with blocks. Boys prefered playing with manipulatives more than girls. No
gender difference was found in children’s spatial performance. In addition, playing with
manipulative toys such as blocks was not related to spatial performance. However, they found a
relationship between children’s performance during free block play and the Embedded Figure
Test. These findings are in contrast with other studies discussed previously in this literature
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review (Jirout & Newcombe, 2015) which found an association between playing with spatial
toys such as blocks and spatial skills (Caldera et al., 1999).
Wolfgang et al. (2001) investigated the relationship between level of block play with later
school achievement in preschool children. The study was a longitudinal study which followed a
group of 37 preschoolers through to high school. They used the Lunzer Five-Point Play Scale
which was designed based on the Piaget’s theoretical framework to measure preschool children’s
adaptiveness in use of blocks as well the complexity of their play. In addition, MaCarty’s Scales
of Children’s Abilities (McCarthy, 1972) was administered to measure general cognitive ability
of preschoolers as well as perceptual and quantitative performance. The California Achievement
Test (CAT) scores in mathematics computation and mathematical concepts were obtained in 3rd,
5th and 7th grade for each participant. Mathematics scores for elementary and middle school for
each participant as well as higher mathematics courses in high school was obtained from the
schools that the participants attended.
No significant relationship was found between the measures of block play and students’
3rd, 5th, 7th grade standardized test scores and specifically the mathematic grades. However, the
researchers’ hypotheses were partially supported in that the extent that children played with
blocks in preschool reliably predicted mathematical achievement at the 7th-grade and high school
levels (Wolfgang et al., 2001). This study did not find any relationship between block play in
preschool and mathematics performance in elementary school.
Newman and colleagues (2016) examined the effects of block play and a board game on
children’s spatial ability and on their brain activity. Twenty-eight 8-year-old children
participated in this study, 14 of which were placed in the board game group (Scrabble), and 14
were placed in the block play group (played a block play game called Block Rock). Each
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participant attended 7 sessions consisting of 5 intervention and 2 training sessions. The first
session was pre-training and the last session was post-training during which MRI scanning took
place. During the pre-training parents completed a demographic survey, and children’s
mathematic performance was tested by using a subset of grade 2 Mathematics California test.
Both block and board game play improved children’s spatial performance. However, only
the block play group showed a significant training effect. The training (5 sessions of 30 minutes
of structured block play) resulted in changes in the part of the brain which is responsible for
mental rotation. In addition, the MRI analysis showed that the brain activity changed
significantly only for children in the block play group. The children in the block play group had
improved in their motor and spatial processing. These findings support the results of previous
studies mentioned here (Caldera et al., 1999; Jirout & Newcombe, 2015; Schmitt et al., 2018).
Brosnan (1998) investigated the relationship between playing with Lego blocks and 9year-old children’s spatial ability. Fifty children were first asked to complete a questionnaire
containing demographic information as well as some questions about their experiences playing
with blocks. Each child then completed the Shepard and Metzler (1971) test which measures
mental rotation abilities. At the end, the children were given Lego blocks and instructions about
how to build a bridge using the blocks the constructions were coded by two judges. The judges
agreed that 17 children successfully completed the task, and 33 failed to complete the task
correctly. They found a positive correlation between being successful in completing the
construction task and the number of questions answered correctly on the mental rotation test
which indicates a positive relationship between playing with blocks and spatial abilities
(Brosnan, 1998). However, in this study, only one aspect of spatial skills was measured.
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Although the participants of this study were not preschoolers, the findings of the study
are significant to this literature review because they suggest that there may be a relationship
between playing with blocks and spatial skills. Although the children in this study are 9 years of
age, their ability to build with blocks and follow instruction in block building may be related to
their block play abilities from younger ages. Future research is needed to investigate this topic
with younger children and learn whether this is true in earlier ages or not.
Schmitt et al. (2018) investigated the effects of a semi-structured block building
intervention on preschool children’s mathematical skills. In addition, they examined if the effects
of the intervention varied for children from various socioeconomic status backgrounds. The
participants were 59 preschoolers from 9 schools. Children in each school were randomly
assigned to an intervention group or a control group. Children were assessed before and after
intervention using the Sun/Moon task (Archibald & Kerns, 1999), a card sorting task (Zelazo,
2006), and the Head-Toes-Knees-Shoulders (McClelland et al., 2007) to measure their executive
functioning ability as well as Preschool Early Numeracy Skills Screener (Purpura, Reid, Eiland,
& Baroody, 2015), Shape Recognition (Clements, Swaminathan, Hannibal, & Sarama, 1999),
and Mathematical Language (Purpura & Logan, 2015) to measure children’s mathematical skills
(Schmitt et al., 2018).
Although the results did not indicate a significant effect for intervention, researchers
found moderate effect sizes in favor of the treatment group, “indicating that semi-structured
block play has the potential to improve mathematics” (Schmitt et al., 2018, p. 188). The shape
recognition test resulted in the largest effect size (d =.56). In addition, children with parents who
had lower educational attainment benefitted more from the intervention than children with
parents who had higher educational attainment. Since this study was a pilot study, the sample
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size was small. However, the trend suggests the possibility of an effect supporting the results of
some similar studies (Caldera et al., 1999; Jirout & Newcombe, 2015).
Casey et al. (2008) investigated the effects of two interventions involving playing with
blocks on kindergarteners’ spatial performance, specifically on their visual-spatial and mental
rotation abilities. The participants of this study were 100 kindergarteners from two different
schools. Three classrooms from each school were randomly assigned to one of the intervention
groups or a control group. The first intervention condition was a combination of storytelling and
block-building; the teacher read a book called Sneeze Builds a Castle (Casey et al., 2002), and
each time Sneeze wanted to build a castle, he would give children some instructions and then the
children were given the opportunity to build the castle. The second intervention condition was
the block building-only intervention in which the children were shown a picture of a castle and
were asked to build it. The children in the control group went through their natural curriculm in
the classroom even though they were given some unstructured building blocks activity time other
than the time they spent playing with blocks in a normal day in the classroom (Casey et al.,
2008).
The Block Design subset of Wechsler Intelligence Scale for Children (Wechsler, 2003)
was used to measure children’s visual-spatial performance. In addition, a mental rotation task
was developed for this study containing 10 three-dimensional items. The results showed a
positive effect for both block-building interventions on children’s visual-spatial performance.
However, no effect was found on the mental rotation task. In addition, a gender difference in
favor of boys was found in the mental rotation performance (Casey et al., 2008). The findings are
consistent with some of the other studies discussed here, demonstrating a positive relationship
between block play and spatial performance (Brosnan, 1998; Caldera et al., 1999).
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In a qualitative study Park, Chae, and Boyd (2008) explored young children’s
mathematical engagement while playing with blocks. Two boys (a 6 and 7-year-old) were given
two tasks of filling an outline of a car and a house using blocks. Both children were from
families with lower socioeconomic status, and they did not have much experience playing with
blocks. They each were observed individually completing each task; they were first given the
outline of a car and were asked to fill it with the blocks followed by the same task with an outline
of a house. The children were videotaped while completing the tasks, and the videos were
analyzed for various mathematical concepts that could be observed during the construction play.
Categories were developed for each concept, and the videos were coded based on the categories.
The analysis indicated three different areas in children’s play: categorizing geometric shapes,
making a larger shape out of smaller shapes, and transforming shapes. During the block building
activity, children understood the relationship between different shapes and engaged in other
mathematical actions such as comparing, counting, and measuring (Park et al., 2008). Since
blocks can be open-ended and because they are 3-dimensional shapes that are manipulated in
space, interacting with blocks gives children the opportunity to explore various mathematical
concepts, especially those related to spatial ability.
In contrast, some studies did not find a relationship between block play and children’s
mathematical or spatial abilities. A longitudunal study by Hanline et al. (2010) investigated the
relationship between the compexity of preschoolers’ block constructions with math and reading
abilities. The participants were 51 children, and block play information was collected through
observation every three months (four times a year) for each child by research assistants. Children
played with blocks independently. The teacher did not initiate a conversation but did respond to
child-initiated conversations. The children were assessed at the end of each school year after they
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started elementary school. No significant relationship was found between the complexity of
children’s block play and mathematics performance which is in contrast with the findings of
some of the other studies discussed here. However, the authors argued that this contrast might be
because the children were tested in preschool, and the influence of the block play might appear
later in middle or high school (Hanline et al., 2010).
Gender Differences in Young Children’s Block Play
Investigating gender differences in preschoolers block play has a long history. A study by
Farrell (1957) investigated the gender differences in choosing blocks as play material. The
participants were 187 boys and 189 girls from 13 different classrooms. Teachers or their
assistants used a questionnaire that was developed by the researcher to evaluate observations of
children. The questionnaire included data about group ages and educational level, the number of
boys and girls in each group, and the number and the amount of time that boys and girls spent
playing with blocks. The finding indicated a significant difference in the amount of time that
boys and girls played with blocks. “There were almost five times as many boys as girls who
played with blocks and boys played with blocks almost twice as long as the girls did” (Farrell,
1957, p. 283). Although this study is very old, and the data collection method was not explained
thoroughly, it is relevant because it shows that the concerns about gender differences in block
play existed a long time ago. In addition, this study is one of the few studies that measured the
amount of time children played with blocks.
In another study Verma (1980) explored gender-role stereotyping in block use of young
children. Although this study was conducted many years ago, it is one of the few studies that
measured the amount of time spent by boys and girls playing with blocks. The purpose of this
study was to investigate boys’ and girls’ use of blocks to determine if boys used blocks more
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than girls and to find a way to encourage girls to use blocks. The participants of this study were
16 four-year-old children (eight boys, eight girls) who attended a nursery school. Two early
childhood education students observed the children from an observation booth. They observed
children during the free play time and used different codes for various kinds of block play, for
example, for stacking or carrying blocks. Each observation was divided into six time intervals,
and each interval was 5 minutes. Twelve observations were recorded by observers, and the
overall percentage of block play for each child was calculated. Several differences were
observed: “overall girls spent limited time in the block area” (Verma, 1980, p. 34); boys were
actively playing in the block area most of the time.
Since the first hypothesis was supported and evidence showing boys spent more time
using blocks was found, in order to answer the second research question, an intervention was
planned to encourage girls to use the blocks more. The intervention included adding another
block area similar to the existing one with double the number of blocks next to the existing block
area. Eight observations were recorded from both block areas after setting up the new block area.
The time spent playing with blocks for 5 of the boys increased after adding the new block area;
in addition, “the attempt to encourage block play by girls was successful” (Verma, 1980, p. 35).
There was an overall increase in the time spent playing with blocks for girls, and three of the
girls who did not play with block before setting up the new block area initiated block play. The
findings of this study highlight potential existing differences in the amount of time boys and girls
spend interacting with blocks and how increasing the access to blocks in the classroom may
reduce some gender differences. However, this study was limited to one geographic area, the
sample size was small, and the children were from middle-SES backgrounds.
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In a longitudinal study Hanline et al. (2001) investigated the factors that influence
children’s block play as well as the complexity of children’s block play. One of the research
questions that guided their study was “Are differences between children’s block construction
scale scores and growth rates accountable by gender or the time the child was involved with
block construction activity?” (Hanline et al., 2001, p. 226). The participants of this study were 65
three- and four-year-old children, and 30 of the children had special needs. All the children were
attending an inclusive community-based program accredited by the National Association for the
Education of Young Children (NAEYC). This study was a longitudinal study, and the data were
collected four times a year for 3 years. Data collected included videotapes of the children’s block
play and photographs of their constructions. In addition, the time that each child was involved in
playing with blocks was recorded by research assistants. While videotaping and taking
photographs, the block play research assistants asked children open-ended questions and
recorded their answers to use them while coding the videos.
The pictures of children’s constructions were coded using a 19-point scale based on the
work of Guanella (1934) and Reifel (1982). The results did not show any significant gender
differences in the complexity of the block play. However, time of block play and block
complexity scores were significantly correlated. The more time that children spent playing with
blocks, the higher their block construction scores. The findings of this research are significant for
the current study because they support one of the expectations stating that the time spent playing
with blocks is related to children’s spatial abilities, rather than gender.
There are very few studies that consider time spent playing with blocks as a factor
influencing young children’s spatial abilities (Hanline et al., 2001). However, the ones that exist
showed a significant influence of time. Therefore, in the present study I am seeking to
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investigate the relationship between the time that boys and girls (3-5 years of age) spend in the
block center and their scores on the spatial ability test.
This chapter reviewed some of the literature on gender differences in spatial ability, the
relationship between block play and spatial ability as well as the gender differences in children’s
block play. Research suggests a gender gap in children’s spatial performance (Levine et al.,
1999; Voyer et al., 1995) which starts in preschool and has a positive correlation with children’s
age (Hyde et al., 1990; Leahey & Guo, 2001). In addition, findings of various studies indicate a
relationship between playing with blocks and spatial performance (Jirout & Newcombe, 2015);
there is also a difference in the ways that boys and girls play with blocks (Farrel, 1957; Verma,
1980). In addition, children from lower socioeconomic backgrounds may benefit from early
mathematics interventions more than children from higher socioeconomic backgrounds (Schmitt
et al., 2018).
Most studies focused on older children, and there are not many studies that measured the
relationship between amount of time boys and girls spent in the block center and spatial
performance (Hanline et al., 2001). There are few existing studies that indicated time as a
contributing factor to gender differences in spatial performance (Hanline et al., 2001). However,
there are not enough studies with a decent sample size that focused on preschool children and
gender differences, and that examined the influence of time spent in block area on children’s
spatial performance. Therefore, the current study seeks to investigate the relationship between
the amount of time that preschool boys and girls spend in the block center and their spatial
performance. The study will also evaluate whether or not there is a gender difference in time
spent in the block area or children’s spatial ability, and it will focus on young children in Head
Start preschools in a region of a southeastern state.
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The next chapter will discuss the methods being used in this study to answer the
following questions:
1. Is there a difference between boys and girls (independent variable) in Head Start
classrooms in a southeastern state of the United States in terms of a) time spent playing in
the block center, and b) spatial skills (dependent variables)?
2. Is there a relationship between the Head Start boys’ and girls’ amount of time in the
block center and their spatial skills? Is this relationship moderated by child or family
characteristics?
The sampling and data collection methods, instruments used, the procedure, and the plan of
analysis will be discussed in the next chapter.
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Chapter 3. Methodology
Design
The current study’s design is quantitative correlational, using an observational method to
measure the amount of time children in Head Start classrooms spend in the block center during
free play time. An existing instrument (Verdine, Irwin et al., 2014) is used to measure children’s
spatial skills and compare Head Start boys’ and girls’ spatial skills. The study evaluates whether
there is a relationship between block play, spatial skills, and gender. In addition, the study
investigates whether there is any other variable that influences this relationship.
Research Questions
The following research questions guide this study:
1. Is there a difference between boys and girls in Head Start classrooms in a
southeastern state of the United States in terms of a) time spent playing in the
block center, and b) spatial skills?
2. Is there a relationship between the Head Start boys’ and girls’ amount of time in
the block center and their spatial skills? Is this relationship moderated by child or
family characteristics?
This chapter discusses the methodology I used to find the answer to the research
questions.
Pilot
A pilot study informed the design of this dissertation study. The pilot study was focused
on examining the feasibility of protocols for observation and testing and familiarizing the
researcher with these protocols, especially the protocols related to testing and scoring the tests.
The pilot study involved 29 children; three of the children were eliminated from the study
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because of missing data. The study included a Head Start classroom (15 children) and two
preschool classrooms (11 children) in a childcare center. The sample consisted of 11 boys (38%)
and 18 girls (62%), and 11 (38%) of the participants were three years old, nine (31%) of the
participants were four years old, and nine were five years old (31%). The participants were
mostly white (62%).
The data were collected through observing the block center three times on 3 different
days in each classroom during the free play time and administering the Test of Spatial Assembly
(TOSA) (Verdine & Golinkoff, 2018) individually to children to assess children’s spatial skills.
In addition, the parents were asked to complete a demographic survey. To measure interrater
reliability (IRR) for the observations, an assistant researcher observed one-third of the
observation time as well. IRR was high, with the average measure of ICC = 0.99.
No significant difference was found between the Head Start and non- Head Start groups
on spatial skills and amount of time spent in the block center. No relationship was found between
the amount of time spent playing with blocks and their spatial skills. Age was a predictor of
spatial skills.
Based on the pilot study the observational checklist was modified to make the data
collection more precise and more efficient. The checklist in the pilot study collected the time
children spent in the block center in 1-minute increments. However, the checklist used in the
main study recorded the time children spent in the block center in 15-second increments. This
change allowed for more precise measurements of the time children spent in the block center.
The observational checklist is described in more detail in the next section. In addition, I made
modifications to the family survey. The family survey used in the pilot study only included
demographic information; four questions related to the amount of time children spent playing

58

with toys at home were added to the survey. Moreover, one of the survey questions from the
pilot was on the back of the page, and therefore some parents missed that question. The surveys
for the main study were printed single-sided and stapled to prevent parents from missing any of
the questions.
Participants
The participants for the main study were 75 preschool children in 8 Head Start
classrooms (3.8 to 5 years of age) in a region located in one southeastern state of the United
States. The region included urban and rural areas. Two counties of this region were chosen for
this study. The reason that the two counties were chosen was the convenience for the researcher,
as the counties were within driving distance to make the data collection possible in the defined
time frame. The participants were fluent in English. I chose the preschool age for this study
because as it is mentioned in the literature review, many studies have investigated gender
differences in spatial skills (Levine et al., 1999; Voyer et al., 1995). However, there are few
studies that investigated this gender differences in young children, especially in preschool (Frick
et al., 2013; Levine et al., 1999).
I decided to choose Head Start classrooms in order to have a sample with some similar
characteristics, such as socioeconomic status (SES). According to the Early Childhood Learning
and Knowledge Center (ECLKC) of the US Department of Health and Human Services (2020),
“Children from birth to age 5 who are from families with incomes below the poverty guidelines
are eligible for Head Start and Early Head Start services” (p. 1). In addition, children from
homeless families and foster children are eligible to attend Head Start. Research shows that SES
is related to children’s spatial skills such that children who come from lower SES have a lower
spatial performance scores (Casey et al., 2011; Levine et al., 2005). Therefore, children from
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Head Start may benefit the most from the results of this study. In addition, according to Head
Start Early Learning Outcome Framework (U.S. Department of Health & Human Services,
2018), one of the goals for Head Start children is developing their spatial skills, “child explores
the positions of the items in the space” (Goal P-MATH 10). Considering Head Start children are
from lower SES families, and research (Casey et al., 2011; Levine et al., 2005) suggests that
children from lower SES families tend to score lower on spatial performance tests, it is beneficial
to investigate this further and determine whether playing with spatial toys (specifically blocks) is
related to their spatial performance.
Demographic Information
The demographic information was collected using a family survey, which was completed
along with the consent form and returned to the teacher. In total, 75 preschool children from 8
Head Start classrooms participated in this study (47 boys and 28 girls). The children were 3 to 5
years of age; most of the participants were 4-year-olds (56); the rest of the participants were
three (6) and five (13) years of age. Thirty percent of parents were married, and the rest were
either single, divorced, separated, or “other.” More than 70% (55 children) of the children were
white. The majority (80%) of parents (either mothers, fathers, or guardian) reported a highest
education level of “some college” or less. See Table 1 for details.
Table 1
Demographic Information
Child’s age

3 years old
4 years old
5 years old

N
6
56
13

Percent
8.0
74.7
17.3

Gender

Male
Female

47
28

62.7
37.3
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Parent’s marital status

Married
Separated
Divorced
Never Married
Other

23
4
12
22
14

29.3
5.3
16
29.3
18.7

Race

African American
White
Two or More Races
Other

5
55
8
7

6.7
73.3
8.0
9.3

Ethnicity

Hispanic or Latino
Not Hispanic or Latino
Other

14
56
5

18.7
74.7
5.3

Parent’s Highest Level of
Education

High School
Some College
Bachelor’s Degree
Graduate Degree
Other

25
35
5
4
5

33.3
46.7
6.7
5.3
6.7

Table 2 shows the distribution of children in 8 classrooms. Two of the classrooms were located
in the same center.
Table 2
Number of Children in Each Classroom
Male
2
4
5
Classroom
8
7
9
8
4
Total
47
. *Classrooms located in the same center
1
2
3
4*
5
6
7*
8

Female
3
5
1
2
3
8
2
4
28

Total
5
9
6
10
10
17
10
8
75

Sampling
To recruit the participants, I contacted a regional Head Start provider serving the target
region. After explaining the study and obtaining permission to conduct the research in the Head
Start classrooms, I asked the director to provide the names of all the Head Start teachers in the
area. The sampling frame included all 19 classrooms in 11 Head Start centers in the target
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region. Using a random number generator, I randomly selected 10 teachers and sent them a
recruiting email (Appendix A). Six teachers accepted the invitation to participate in the study. I
continued sending the emails to the next teachers on the list until I recruited 10 teachers. I was
able to recruit 10 classrooms to participate in this study. However, I could not collect data from
the last 2 classrooms because of the school closures due to COVID-19 pandemic in March 2020.
The classrooms closed before I could collect any data at those sites. Therefore 8 classrooms
participated in this study. All children whose families signed the consent forms were included in
the study, which included 75 children between 3 years and 9 months to 5 years of age across the
8 classrooms.
The reason that this cluster random sampling method was selected is to ensure that all the
Head Start classrooms in the two target counties within the region had the same chance of being
selected as a participant and the sample would be representative of the population, which makes
it possible to generalize the findings to the population (Creswell, 2012). As it was mentioned
before, these two counties were chosen because of the convenience of the data collection; the
researcher could drive there easily and collect the data in a timely manner. Sampling classrooms
is practical because of the nature of the study. It would not have made sense to randomly select
students because I wanted to evaluate gender differences within classrooms. This way, I could
control for the effect of classroom.
In addition, all the classrooms were chosen from Head Start which reduces the variability
in demographic factors; the data analysis can be done combining the clusters (Jackson, 2011).
Moreover, the cluster (classroom) level was ignored in data analysis because of the small sample
size. I did not have sufficient power to detect a difference within the clusters. Since the numbers
of boys and girls in each classroom were not equal, I conducted additional checks to ensure that
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there was no significant difference between classrooms in terms of my target outcomes with an
equal number of boys and girls and the full sample as a whole group. I conducted all of my
analyses with the data from classrooms that had equal numbers of boys and girls and compared
those to the analyses involving the whole sample. The comparison did not indicate any
significant differences, so I ignored the classroom level.
Instruments
Test of Spatial Assembly (TOSA)
The Test of Spatial Assembly (TOSA) (Verdine & Golinkoff, 2018) was used to measure
children’s spatial skills (Appendix B). I obtained permission to use this instrument from the
developers. This instrument was chosen because it is one of the few instruments available to
measure preschool children’s spatial skills (Jirout & Newcombe, 2015). There are other
instruments that measure children’s spatial skills such as the Differential Aptitude Test the Space
Relations (DAT-SR), Mechanical Reasoning test (DAT-MR) (Shea et al., 2001), Wechsler
Preschool and Primary Scale of Intelligence - Revised (Wechsler, 2012), and Embedded Figure
Test (Karp & Konstadt, 1963). However, none of those instruments measure the spatial skills of
3-year-olds (Jirout & Newcombe, 2015). In addition, Verdine and Golinkoff (2014) developed
TOSA to measure different aspects of spatial skills for children as young as 3 years old
(Appendix A). There is evidence that supports the validity and reliability of TOSA (Verdine,
Golinkoff et al., 2014; Verdine et al., 2017; Verdine, Irwin et al., 2014). The Cronbach’s alpha
for internal consistency of the measure for 2-D and 3-D trials at age 3 was 0.747, which is a high
internal consistency considering the young age of the children. However by age 4 the Cronbach’s
alpha for internal consistency of the measure for 2-D and 3-D trials was much lower, at 0.536.
There is evidence supporting the predictive validity of TOSA for age 3 (Verdine et al., 2017).
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The TOSA predicted their spatial performance later in life. This data was collected using a
longitudinal study over three years.
TOSA is a 12-item instrument in which the child is given six 2-D trials and six 3-D trials
and asked to replicate them using the available shapes and Legos. The 2-D trial consist of 6
pictures that shows a combination of shapes in different colors; the shapes in each picture are
provided for the child, and he/she is asked to replicate the shape. The researcher takes a picture
from the child’s replication using instructions provided in the instrument manual to score the
child’s performance. Figure 1 is an example of one of the 2-D trials and a child replication.
During the 3-D trials the child is provided with combinations of Legos that are created by the
researcher and is asked to replicate it using the Legos provided (Verdine & Golinkoff, 2018).
Figure 2 shows an example of one of the 3-D trials. The testing process took approximately 7
minutes for each child.

Figure 1

Figure 2

Example of a 2-D trial set- up and the
child’s replication

Example of a 3-D trial set-up and the
child’s replication

64

The 2-D and 3-D trials are scored separately. The children’s constructions (2-D and 3-D)
are scored across a number of dimensions. Each participant is given a z-score for their
performance on each set of trials and the average z score for the two trials is the child’s final
score. The maximum score of the 2-D trials is 35, and the maximum score of the 3-D trials is 46.
In a study by Verdine et al. (2017) that investigated the validity and reliability of the instrument,
the children’s scores on the test for 3-year-olds’ 2-D trials ranged between 8 – 35 with a mean of
23.33 (SD = 6.65) and the 3-D trials ranged between 7-37 with a mean of 17.82 (SD = 17.82).
The scores for 4-year-olds’ 2-D trials ranged between 21 – 35 with a mean of 31.35 (SD = 3.39)
and the 3-D trials ranged between 12 – 41 with a mean of 27.96 (SD = 8.30).
To score the 2-D trials a picture is taken from each child’s construction. Using 2
transparent overlay (one with the target shape printed on it, and the other with Y and X axis
printed on it), a ruler, a protractor, and a scoring sheet, each 2-D trial is scored in three different
dimensions: adjacent pieces, horizontal and vertical direction, and relative position. Figure 3
shows the correct orientation and place for each target shape. The adjacent pieces dimension
grants points for each piece that was correctly placed next to the neighboring pieces regardless of
the orientation of those pieces. The horizontal and vertical dimension awards points for the
position of each piece relative to the base piece (the larger piece in the combination). In the
relative positions dimension, children receive points for maintaining the most relationships
between the pieces regardless of the orientation of the pieces.
I compared the results of the test performance to the results from the Verdine et al. (2017)
psychometric study to obtain evidence of validity in test administration in the current study. The
participants of the current study were recruited from the Head Start classrooms, while the
participants of Verdine et al. (2017) were recruited from Head Start, private preschools, and a
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university-related preschool. This difference between the sample is worth noting because the
socioeconomic status of the participants of the studies were different. The current study focused
on participants from lower SES families whereas the Verdine et al. (2017) study included a
range of participant from different SES backgrounds.
The means of raw scores in the current study for 2-D trials for 3-year-olds in the present
study was 21 (SD = 9.18), which was slightly lower than the means of the Verdine et al. (2017)
study with a mean of 23.33 (SD = 6.65) and the mean of 2-D trials for 4-year-olds was 29.32
(SD = 5.15) compared to the Verdine et al. (2017) study with a mean of 31.35 (SD = 3.39). The
mean of raw scores in the current study for 3-D trials was higher for 3-year-olds (M = 24.50),
however, the mean for 4-years-olds on 3-D trials was 27.94 (SD = 8.51), which is almost the
same as the mean of the Verdine et al. (2017) study. The number of 3-year-olds in the current
study was very small (six), which might be the reason for the differences in the means of 2- and
3-D trials for 3-year-olds. The similarities in the means for 4 year-olds could support the validity
of the test administration and scoring in the current study.
To further support the internal consistency of the instrument and the validity of the
administration of the test a correlation test was used to measure the association between 2- and 3D scores for all children. A significant positive correlation was found between 2-D and 3-D zscores scores (r = 0.42, p = 0.00).
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Figure 3
Base Pieces and Home Quadrants for Component Pieces (Verdine & Golinkoff, 2018)
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There are two steps for scoring 3-D trials. The first step is the base piece coding, which
looks at the position of the non-base pieces in relation to the base (the largest piece); this step is
scored in three dimensions: vertical location, rotation, and translation. The second step is subset
scoring, which scores the relationship between non-base pieces regardless of the base piece.
Observational Checklist
I developed an observational checklist in order to code the amount of time that each child
spent in the block center during the observation time. The checklist includes each child’s name
and places to record the time that they entered and exited the block area. I operationalized
“entering the block area” as having both feet inside the area, which is defined as block area or
block center in each classroom. I defined “leaving the block area” as putting one foot out of the
defined area of the classroom block area/center. I defined each classroom’s block area before
starting my observations in the classroom. I chose this coding scheme because when children are
in the block center, they are paying attention to blocks even if they are not playing with them.
The original version of this instrument used in the pilot was a more detailed checklist that
included timing various levels of children’s engagement with blocks in the block center.
However, that checklist was designed based on the assumption that I would be videotaping
children and then analyzing the videos. Since taking videos and analyzing them was time
consuming and collecting 1-hour videos from classrooms could not have been representative of
the whole free play time, I decided to observe the classroom in real time and focus my attention
on recording the time that children spend in the block area while I observed them. This way, I
could observe each classroom for more than one hour and collect more data on each child. I
decided to develop a tool that would make it faster and easier to capture the amount of time each
child spends in the block center. As a result, I developed the revised tool that I used for this
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study. The revised tool was piloted in one Head Start center in early April 2019 (Figure 4). As
noted earlier, to make the observational checklist more precise, it was modified after the pilot to
capture the amount of time children spent in the block center in smaller increments: 15-second
increments instead of 1-minute increments (Figure 5).
Figure 4
Observational Checklist used in the pilot
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Figure 5
Final checklist used in the study – 4 boxes under each minute indicate 15-second intervals

Family Survey
Demographic information on children and the amount of time they spend playing with
some spatial toys (blocks, Legos, puzzles, board games) during the week was collected using a
survey I developed, which was sent to the families along with the informed consent forms. They
completed and returned the survey and the signed consent form (Appendix C). The demographic
information included child’s age, gender, parents’ marital status, race, ethnicity, and parents’
highest level of education. The families (mainly parents) were asked to report how many minutes
per week their children played with each of the spatial toys. The reason for collecting this
information was to be able to examine the relationship between the amount of time children play
with spatial toys at home and their spatial skills.
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Interrater Reliability (IRR)
To ensure that the observations were as accurate as possible and free of biases, an
assistant researcher observed three different classrooms with me to measure interrater reliability.
Interrater reliability assesses the degree of agreement between two raters (in this study two
observers) (Creswell, 2012). The assistant researcher was trained to use the observational
checklist to record the time each child enters and exits the block center. She accompanied me to
observe 2 classrooms, and we both recorded the amount of time each child spent in the block
center. Two classrooms represent 25% of the classrooms and 7.6% of the total observation time.
The degree of agreement between the two raters was calculated using the intraclass
correlation coefficient (ICC). This method of IRR was chosen because a good measure of
reliability should account for both degree of correlation and agreement measurement; ICC
reflects both (Koo & Lee, 2016). A high degree of reliability was found between the two raters.
The average measures’ ICC was 0.99 (Table 3).
Table 3
Intraclass Correlation Coefficient
Intraclass
Correlation

95% Confidence Interval

F Test with True Value 0

Lower Bound

Upper Bound

Value

df1

df2

sig

Single Measures

0.99

0.98

0.99

468.18

15

15

0.00

Average Measures

0.99

0.99

0.99

468.18

15

15

0.00

Procedure
Prior to beginning the pilot study, I obtained approval from East Tennessee State
University’s Institutional Review Board (IRB) to conduct the study. All the measures were taken
to make sure the study is ethical, and all the information and data is kept confidential. I also
obtained permission from Head Start to recruit the teachers for the study.
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After IRB approval, I began my sampling process. As mentioned in the sampling section,
in order to recruit the classrooms for the study, I assigned a random number to all the Head Start
classrooms in the two counties in the target area and selected the first 10 classrooms for the
study. I sent an email containing the recruitment letter to the teachers of the selected classrooms;
6 teachers responded to the recruiting email. I continued emailing the rest of the teachers on the
list until I recruited 10 teachers. Because of the COVID-19 pandemic and school closures, I only
could collect data from 8 classrooms.
After getting approval from teachers to conduct the research in their classrooms, I
provided each teacher with the parent/guardian permission forms. Each permission form, along
with a family survey, were placed in a sealed envelope, and the teachers distributed them to the
families and ask them to return the forms (signed or not) in the sealed envelope to him/her in 2
weeks.
As part of the consent forms, parents were asked to complete a survey, as noted above
(Appendix C). The survey included demographic information as well as the amount of time
children spend playing with blocks, Legos, puzzles, and board games at home. They were asked
to complete the survey and the permission form and return them to the teacher in the sealed
envelope.
Once permission was obtained, I scheduled observations directly with teachers. On the
assigned days, I observed the block center in each classroom for three different days during the
free play time. Since the purpose was to measure the amount of time children spend in the block
area during free play time in a typical school day, I made sure the days that I was observing were
typical school days and nothing unusual was happening. There were two times that I went for
observation to a classroom where they had changed their routine; the teacher assigned children to
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centers, and the children did not have the option to choose the center in which they wanted to
play. Therefore, I did not collect data on those days. As described above, I used the checklist that
I developed to record the time each child entered the block center and the time he/she left the
block area.
As noted above, in order to obtain interrater reliability, during one of the observation
days for 2 of the classrooms, an assistant researcher accompanied me, and we both observed
simultaneously and recorded the amount of time that each child spends in the block play. The
total observation time varied between 2 to 4 hours for each classroom; the reason for this
variation was the different amount of free play time in each classroom. I observed the whole
duration of the free play time each time I went to a classroom. When the observations for each
classroom ended, I tested each child’s spatial skills individually using the TOSA and following
the standardized testing protocol. The test was administered either in a quiet corner of the
classroom or the hallway outside the classroom. First, I got children’s verbal assent using the
following script: “Hi [name of the child]. My name is Narges. Today, we are going to play with
some shapes, and I’ll ask you some questions about them. We will play for few minutes, then
you can go back to your class. Is that ok with you?” If the child agreed I continued testing. The
tests were administered in a public space in the school either in the hallway outside of the
classroom or in a designated area inside the classroom.
To demonstrate appreciation to children for participating in the study and to the teacher
for agreeing to support my study, at the end of data collection in each classroom, I gave a set of
wooden blocks as a gift to the classroom. The wooden block sets were bought using the
dissertation grant I received from the School of Graduate Studies at East Tennessee State
University.
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Plan of Analysis
The following procedures were used to analyze the data collected for this study to answer
the research questions. All the data were entered into the Statistical Package for Social Sciences
(SPSS). The unit of analysis for this study is the child. The independent variables are
gender (categorical) and the amount of time spent in the block center (continuous); the dependent
variable is the spatial performance score (continuous). Since the data for all the variables except
the spatial performance score was not normally distributed, the following tests were used for
analysis.
To answer the first part of the research question, “Is there a difference between boys and
girls (independent variable) in Head Start classrooms in terms of a) time spent playing in the
block center, and b) their spatial skills (dependent variables)?”, a Mann-Whitney U test (nonparametric) was used. The Mann-Whitney U test was chosen to “determine if the two groups
come from the same distribution” (Siebert & Siebert, 2018, p. 82). The effect size was calculated
using r, which is a calculation using z value; because the data was not distributed normally, the r
is the appropriate way to calculate the effect size (Fritz, Morris, & Richler, 2012).
Since the spatial performance was distributed normally and variables in this question are
gender (categorical) and children’s spatial performance scores (continuous), to answer this
question I used a t-test. The t-test was chosen because according to Creswell (2012), when
comparing two groups with a categorical and a continuous variable, it is the appropriate test to
conduct. The Cohen’s d was calculated to measure the effect size.
To find the answer to the second question, “Is there a relationship between the Head Start
boys’ and girls’ amount of time in the block center and their spatial skills? Is this relationship
moderated by child or family characteristics?”, I first addressed the first part of the question to
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find the degree of association among the variables (amount of time spent in block center and
spatial skills). Since the amount of time spent in the block center was not distributed normally,
Spearman rho correlation was used to find the strength and the direction of the relationship
between children’s amount of time spent in block area and their spatial performance scores. To
respond to the second part of this question, a multiple linear regression analysis was used to
investigate the effect of other variables in this relationship.

`
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Chapter 4. Results
Introduction
The purpose of this quantitative correlational study was to investigate the relationship
between the amount of time preschool children (3-5 years of age) spent in the block center, their
gender, and their spatial skills. The data were collected from children in eight Head Start
classrooms in a southeast state. This chapter will present the results of the analysis of the data
collected from these 8 Head Start classrooms, which included 75 children and their parents.
The following research questions guided this study:
1. Is there a difference between boys and girls (independent variable) in Head Start
classrooms in a southeastern state of the United States in terms of a) time spent playing in
the block center, and b) their spatial skills (dependent variables)?
2. Is there a relationship between the Head Start boys’ and girls’ amount of time in the
block center and their spatial skills? Is this relationship moderated by child or family,
characteristics?
Data Analysis
This chapter discusses the data analysis procedures used to analyze the data collected in
this study. I entered the data in the Statistical Package for the Social Sciences (SPSS). The unit
of analysis for this study is the child. The key variables are gender (categorical), the amount of
time spent in the block center (continuous), and the spatial performance score (continuous).
Additional variables include time playing with blocks at home (continuous), child’s age
(continuous), and parents’ education level (categorical).
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Missing Data
To address the missing data, first I checked the data to determine what type of missing
values existed in the data. I found that 81% of the variables (22 out of 27 variables) included
missing values; 20 participants were missing at least one value, while the other 55 were not
missing any data; 3.9% (79 values out of 1,946 total) of total values were missing. Although this
is not a large percentage, I intended to explore the pattern of missing data to ensure that the
missing values were at random and there is no other reason such as bias in data collection
procedures (Siebert & Siebert, 2018).
The missing value patterns in the data were random (Figure 6). The fact that 81% of
variables contained missing data indicated that there was no specific question that was missing
data, which might have been caused by other reasons. In addition, only 3.9% of the total values
were missing, which is under 5%. Figure 7 shows the 10 most occurring patterns in the data,
which indicates non-missing data is the pattern that occurs more often. Therefore, the missing
values are missing completely at random (MCAR) (Siebert & Siebert, 2018).
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Figure 6
Missing Value Patterns

Figure 7
The 10 Most Frequently Occurring Patterns
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Since the values missing from the data were completely at random, I used multiple
imputation to replace the missing values using SPSS. Multiple imputation uses different
imputation methods, “Unconditional Mean (UM), Conditional Mean (CM), Conditional
Distribution (CD), MI using Markov Chain Monte Carlo (MCMC), and Regression methods”
(Kyureghian, Caps, & Nayga, 2011, p. 325) to generate five possible replacement data sets for
each instance of missing data (Kyureghian et al., 2011).
After five possibilities were generated by SPSS for each missing value, the missing
values that were continuous were replaced by the mean of the 5 possibilities. If the values were
categorical, they were replaced by the mode of 5 possibilities. This process resulted in one
complete dataset without any missing values.
Descriptive Statistics
The amount of time children spent in the block center ranged between 0 minutes and 122
minutes and 25 seconds, with a mean of 23 minutes (SD = 31.44). The mean of the amount of
time boys spent in the block center was 30 minutes and 18 seconds (SD = 34.94) and for girls the
mean equaled 12 minutes and 5 seconds (SD = 20.40). Since the time each classroom was
observed varied between 2 hours and 4 minutes and 4 hours and 6 minutes with a mean of 3
hours and 51 minutes, the percentage of time each child spent in the block center was calculated
and used in the data analysis to control for the variation in total observation time.
For the spatial skills assessment, the 2-dimensional (2-D) spatial skills scores ranged
between 7 to 35 with a mean of 29.08 (SD = 5.89). The 3-D spatial raw scores ranged between
12 to 46 with a mean of 29.14 (SD = 8.77). The minimum total spatial raw scores were 25 and
the maximum was 81 with a mean of 58.22 (SD = 12.46). The mean of 2-D spatial raw scores
was 28.04 (SD = 6.32) for boys and 30.82 (SD = 4.69) for girls. The data indicated a mean of
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29.46 (SD = 9.26) for boys and 28.60 (SD = 8.01) for girls for 3-D raw scores. the mean of total
raw scores for boys was 57.5 (SD = 13.08) and it was 59.42 (SD = 11.45) for girls (Table 4).
Table 4
Descriptive Statistics
Amount of time
children spent in block
center (minutes)

Male
Female
Total

N
47
28
75

Percentage of time
children spent playing
with blocks

Male
Female
Total

47
28
75

0.00
0.00
0.00

49.89
47.75
49.89

13.06
5.76
10.34

14.62
10.80
13.72

Time spent playing
with puzzles at home

Male
Female
Total
Male
Female
Total

47
28
75
47
28
75

0.00
0.00
0.00
0.00
0.00
0.00

480.00
420.00
480.00
240.00
420.00
420.00

69.51
97.03
80.12
29.02
66.32
43.07

99.00
119.19
107.24
49.16
111.36
79.28

Time spent playing
with blocks at home

Male
Female
Total

47
28
75

0.00
0.00
0.00

720.00
420.00
720.00

108.05
127.22
115.20

151.38
151.34
150.18

Time spent playing
with Legos at home

Male
Female
Total

47
28
75

0.00
0.00
0.00

1260.00
420.00
1260.00

127.02
132.50
129.24

205.18
159.29
188.26

Spatial Score 2-D (raw)

Male
Female
Total

47
28
75

7.00
20.00
7.00

35.00
35.00
35.00

28.04
30.82
29.08

6.32
4.69
5.89

Spatial Score 3-D (raw)

Male
Female
Total

47
28
75

12.00
15.00
12.00

46.00
43.00
46.00

29.46
28.60
29.14

9.26
8.01
8.77

Total Spatial Score
(raw)

Male
Female
Total

47
28
75

25.00
37.00
25.00

81.00
76.00
81.00

57.51
59.42
58.22

13.08
11.45
12.46

Spatial Score 2-D (zscore)

Male
Female
Total

47
28
75

-3.74
-1.54
-3.74

1.00
1.00
1.00

-0.17
0.29
0.00

1.07
0.79
1.00

Male

47

-1.95

1.92

0.03

1.05

Time spent playing
with boardgames at
home

Minimum
0.00
0.00
0.00

Maximum
122.15
85.00
122.15

Mean
29.78
11.65
23.01

Std. Deviation
34.94
20.40
31.44
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Spatial Score 3-D (zscore)

Total Spatial Score (zscore)

Female

28

-1.61

1.57

-0.06

0.91

Total

75

-1.95

1.92

0.00

1.00

Male
Female
Total

47
28
75

-2.66
-1.70
-2.66

1.82
1.42
1.82

-0.05
0.09
0.00

1.05
0.91
1.00

Families reported the amount of time children spent playing with puzzles, blocks, board
games, and Legos at home in the family survey (Appendix C). They were asked to report how
many minutes on average they believed their child played with each of the toys per week. Table
4 also contains the detailed information regarding the time spent playing with spatial toys at
home. According to the family surveys, children spent between 0 to 480 minutes (0-8 hours) per
week playing with puzzles at home with a mean of 80 minutes and 12 seconds per week (SD =
107.24). The mean was 69 minutes and 30 seconds (SD = 99) for boys and 97.0 (SD = 119.19)
minutes per week for girls. The children reportedly played between 0 to 420 minutes (0 – 7
hours) per week with board games at home, and the mean was 43 minutes and 7 seconds (SD =
79.28) with a mean of 29.02 (SD = 49.16) for boys and 66.32 (SD = 111.36) for girls. The
amount of time children played with blocks at home ranged between 0 to 720 minutes (0 – 12
hours) per week with a mean of 115 minutes and 20 seconds (SD = 150.18) and a mean 108.05
(SD = 151.38) for boys and 127.22 (SD = 151.34) for girls. Parents reported that children played
0 to 1,260 minutes (0 – 21 hours) per week with Legos, and the mean was 129.24 (SD = 188.26),
with a mean of 127.02 (SD = 205.18) for boys and 132.50 (SD = 159.29) for girls. Overall,
parents reported that girls played more with these toys than boys. However, the difference was
not significant, which is discussed further in the next section.
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Distribution of Variables
To check the distribution of the data, I created histograms for all variables, where all the
variables except the spatial scores were not distributed normally. Therefore, I used nonparametric analysis to answer the questions that included the variables that are not normally
distributed (Siebert & Siebert, 2018). The following section will discuss the analysis used to
address each research questions.
Unit of Analysis
The unit of analysis for this study was the child. The classroom level (cluster) was
ignored because the sample size was small, and there were not enough children in each
classroom, as noted in Chapter 3.
Research Question 1a
To respond to the first research question “Is there a difference between boys and girls in
Head Start classrooms in a southeast region of the United States in terms of a) time spent playing
in the block center?” I used a Mann-Whitney U test, a non-parametric test, since the data
collected for the “time spent in the block area” variable was not normally distributed. The MannWhitney test indicated the amount of time children spent playing with blocks during the free
playtime was greater for boys (Mdn = 7.51) than for girls (Mdn = 0.31) where the difference was
statistically significant, U = 389.5, p = 0.003. The effect size was 0.34.
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Table 5
Mann-Whitney U Results
Mann-Whitney U

Percentage of time children spent in block center
389.50

Z

-2.969

p

0.003

r

0.34

Grouping variable is gender

Research Question 1b
To find the answer to the second research question, “Is there a difference between boys
and girls in Head Start classrooms in a southeast region of the United States in terms of b) their
spatial skills?”, a t-test was used. The reason for choosing a parametric test was the normal
distribution of the spatial performance scores data. Table 7 presents the results of the t-test.
There was no significant difference for gender t = -0.642, p = 0.482. The effect size was Cohen’s
d = 0.15.
Table 6
Independent Samples t-Test Results
t

Total Spatial Score (z-score)
-0.64

p

0.48

Cohen’s d

0.15

Research Question 2
To answer the first part of the second research question, “Is there a relationship between
the Head Start boys’ and girls’ amount of block play and their spatial performance?” a
Spearman’s correlation (non-parametric) was used because the data for time spent in the block
center was not distributed normally. Results of the Spearman’s correlation indicated no
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significant relationship between the amount of time children spent in the block center and their
spatial performance (p = 0.421).
Looking more closely at the time in the block center variable, the data were highly
skewed such that the number of children who played for a short duration in the block center was
far more than the ones who played longer; many children never played in the block center (27%).
I wondered if recoding this variable into a dichotomous variable might give me a better
understanding of the relationship between spending time (more or less time) in the block center
and spatial performance. To make the decision, I reviewed the research on dichotomization of
continuous variables; some studies on dichotomization argue that dichotomization of a
continuous variable has negative consequences, such as loss of information or loss of effect size
and power (MacCallum, Zhang, Preacher, & Rucker et al., 2002; Streiner, 2002). However, these
studies discussed the situations that dichotomization could be legitimate; one of those situations
is when data are highly skewed. According to Farrington and Loeber (2000), recoding the
independent variable into a dichotomous variable if the variable is highly skewed could be
beneficial. Moreover, MacCallum et al. (2002), also discussed various dichotomization practices;
they argued that having a highly skewed continuous variable is one of the rare situations that
dichotomizing a continuous variable could be beneficial. It could be beneficial because when the
data is highly skewed, having two categories defines the data better, for example in this case, the
children who played less in the block center and children who played more are better
representative of the time spent in block center variables than the continuous data.
Because my time in the block center data were highly skewed (see Figure 8), I decided to
recode this variable into two categories of time spent in block center with the cutoff point being
the median of the variable (4.76). Therefore, the recoded variable had a value of 1 that
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represented 0-4.76% (approximately 9 minutes) of time in the block center and 2, which
represented more than 4.76%. An independent sample t-test was used to calculate the differences
in mean of spatial skills between the two new groups (children who played less than 4.76% of
the observation time in the block center and children who played more than 4.76% of the
observation time). The results indicated a statistically significant difference between the spatial
score of children who spent more time in block center and the children who spent less time in
block center (p = 0.04). The effect size for the amount of time children spent in block center was
Cohen’s d = 0.47. Children who played more than 4.76% of the observation time in the block
center scored higher in spatial performance test (Table 7). The mean for those who played more
than 4.76% was 0.24 (SD = 0.76) and for the other group was -0.22 (SD = 1.14).
Figure 8
Distribution of Percentage of Time Children Spent in Block Center Variable
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Table 7
Independent Samples t-Test Results
t

Total Spatial Score (z-score)
-2.07

p

0.042

Cohen’s d

0.47

In addition, an interaction trend was found between the gender and the total amount of
time children spent in block center (recorded value) on the total spatial score, however, the trend
was not statistically significant (Table 8). Girls who played more in the block center scored
higher in spatial skills than the girls who spent less time in block center; the effect size for the
amount of time spent in block center was Cohen’s d = 0.70. Boys who spent more time in block
center scored higher in spatial skills than boys who spent less time in block center, but the effect
size was smaller for boys than it was for girls (Cohen’s d = 0.46), (Figure 9).
Table 8
Independent Samples t-Test Results
t

Girls total Spatial Score (z-score)
-1.64

Boys total Spatial Score (z-score)
-1.63

p

0.112

0.139

Cohen’s d

0.70

0.46

Notes: p < 0.1
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Figure 9
Amount of Time Boys and Girls Spent in Block Area (4.76% cutting point) and Its Relationship
to Their Spatial Score

The time spent in the block center was recoded with a cut point representing more time
in the block area (10%) to see if this trend still existed, since 5% of the time did not amount to a
lot of time (5% = approximately mean of 9 minutes out of 180). An independent samples t-test
was run to compare the means of spatial scores for boys and girls across the two times in the
block center values (10% recode). There was a significant difference t = -1.644, p = 0.09 for
girls, indicating, girls who spent more than 10% of the whole observation time in the block
center scored higher than the girls who spent less than 10% (Table 9). The effect size for the
percentage of time spent in block center for girls was Cohen’s d = 0.96. For boys, there was no
significant difference (p = 0.4), the effect size for the percentage of time spent in block center
was Cohen’s d =0.2. However, a caveat with this analysis is that the n for girls who played more
than 10% in the group was small (5 girls).
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Table 9
Independent Samples t-Test Results
t

Girls total Spatial Score (z-score)
-1.73

Boys total Spatial Score (z-score)
-0.72

p

0.09

0.47

Cohen’s d

0.96

0.2

Notes: p < 0.1

Figure 10
Amount of Time Boys and Girls Spent in Block Area (10% cut point) and Its Relationship to
Their Spatial Score

In order to examine the second part of the research question “Is this relationship
moderated by child or family characteristics?” a multiple linear regression model was used to
predict children’s total spatial score based on children’s age, parents’ education level, and
amount of time they spent playing with blocks at home. The regression model was significant F
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(3,71) = 11.988, p = 0.00, with the model explaining 33.6% of variance (R2 = 0.336).
Participants’ predicted spatial score is equal to -4.22 (constant) - 0.19 (time spent playing with
blocks at home) + 0.576 (parent education) + 0.887(age) where age is measured in years, parent
education is coded as 1= No college and 2=Some college or more. Time spent playing with
blocks at home was initially coded as 0 = 0 minutes, 1= 0.001 to 30 minutes, 2 = 30.001 to 60
minutes, and 3 = more than 60 minutes. The reason was that many children did not play with
spatial toys at home, and the data was skewed, so I decided to divide the time into three
categories; each category included similar number of children. Spatial score increased 0.887
points for each year of age. Children whose parents had some college or more education scored
0.576 more than children whose parents did not go to college. Children who spent less time
playing with blocks at home scored 0.191 more than children who spent more time playing with
blocks at home. Child’s age and parent’s education level were significant predictors of total
spatial score (Cronk, 2012). See Table 10 for more details.
Table 10
Regression Table
Variable

B

SE B

β

Child’s age

0.887

0.196

0.442

0.000

Parents’ Education

0.576

0.200

0.280

0.005

Time spent playing with blocks at home

-0.191

0.087

-0.215

0.031

p

Note: R2 = 0.336 (p <.001)

Since the data for the amount of time children played at home was highly skewed (similar to the
time spent playing in the block center at school), and there were many children who never played
with the toys at home, I decided to recode the amount of time children spent playing with spatial
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toys at home into four categories: 0 minutes, less than 30 minutes, 31 to 60 minutes, and more
than 60 minutes. A one-way ANOVA test was used for each spatial toy (puzzles, blocks, board
games and Legos) to examine the differences between the amount of time boys and girls play
with spatial toys at home (reported by parents). No significant difference was found between the
amount of time boys and girls spend playing with spatial toys at home using this version of the
variable. However, the mean of the amount of time girls spent playing with all of the spatial toys
was slightly higher than boys (Table 11).
Table 11
Playing with Spatial Toys at Home (Minutes Per Week)
Puzzles

Board Games

Blocks

Legos

N

Mean

Std. Deviation

Male

43

69.51

99.00

Female

27

97.03

119.19

Male

46

29.02

48.76

Female

27

65.92

111.36

Male

43

107.65

150.98

Female

27

127.22

150.94

Male

43

126.62

205.18

Female

26

132.50

158.89
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Chapter 5. Discussion
Research suggests there may be a gender gap in most areas of early mathematics
achievement in the United States (Ayalon & Livneh, 2013; Lonnemann et al., 2013; Nosek et al.,
2009). This gap increases in higher grades compared to lower grades (Felson & Trudeau, 1991;
Lauer et al., 2019). That said, the gender gap in most of the areas of mathematics has declined
over time (Hyde et al., 1990), but one of the areas in which the gender gap is still evident is in
spatial ability (Voyer et al., 1995). Various factors influence the development of spatial ability
(Casey, 1996; Hoffman et al., 2011; King et al., 2019; Mohler, 2008). Playing with spatial toys
appears to be one of the contributors to the development of spatial ability (Williams & Kamii,
1986), such that those who play more with spatial toys such as blocks, puzzles, and Legos may
have higher spatial skills. If there is a gender difference in the amount of time boys versus girls
play with spatial toys, then this difference might be a factor contributing to gender differences in
children’s spatial skills. This study explores the potential relation between one spatial toy in
particular, blocks, and whether playing with blocks is associated with children’s spatial skills.
Specifically, I investigate the amount of time preschool-aged children spend in the block center,
its relationship to their spatial skills, and whether a gender difference exists between amount of
time boys and girls spend in block center.
The purpose of this quantitative correlational study was to investigate the relationship
between the amount of time preschool (3-5-year-olds) children spend in the block center,
children’s gender and their spatial skills, as well as other moderating variables. The following
research questions guided this study:
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1. Is there a difference between boys and girls (independent variable) in Head Start
classrooms in a southeast state of the United States in terms of a) time spent playing in
the block center, and b) their spatial skills (dependent variables)?
2. Is there a relationship between the Head Start boys’ and girls’ amount of time in the
block center and their spatial skills? Is this relationship moderated by child or family
characteristics?
The data was collected from 75 preschool (3-5 years old) children in 8 Head Start
classrooms a southeast region of the United States; most of the children were white. Children
were observed three times during free play time, and the amount of time each child spent in the
block center was recorded. Children’s spatial performance was tested using the TOSA (Verdine
& Golinkoff, 2018) instrument. Families completed a demographic survey and reported the
amount of time children spent playing with puzzles, blocks, board games, and Legos at home as
well. The next section discusses the findings and their interpretation.
Discussion of Findings
Gender Differences in Block Play
The results for the first research question, Is there a difference between boys and girls in
Head Start classrooms in a southeast state of the United States in terms of time spent playing in
the block center? indicated that boys played longer than girls in the block center. On average,
boys spent 13% of the observation time (approximately 30 minutes) in the block center, and girls
spent 6% of their time (approximately 12 minutes) in the block center during the average of 3
hours and 50 minutes of free play observation time. This result is consistent with the small
number of prior studies that measured the amount of time children spent playing with blocks
(Farrell, 1957; Verma, 1980). Most of the studies that investigated the amount of time children
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played with blocks are dated, so the results of the present study provide more recent evidence
that boys spend more time in block center. Farrell’s (1957) study found that boys play with
blocks almost twice as much as girls, Verma (1980), stated that boys were more likely to choose
and play with blocks. The results of my study also showed an average of twice as much time in
the block area for boys. In addition, Verma (1980) implemented an intervention to encourage
girls to play with blocks more by creating a separate block area for girls. The results were
promising, and the girls spent more time in the block area when there was a separate block area
in the classroom.
Some of the observations of the dynamics of the play in the block center during my data
collection suggested that having a separate block area or a specific block time for girls might be
a good area for future research. During one of the episodes I observed, a girl who was playing in
the block center where two boys were playing as well was building a structure using blocks. The
two boys destroyed her structure, and her reaction was to leave the block center. In another
example, three girls wanted to play in the block center but because the blocks did not have room
for all three of them, they decided to move to a center where all of them could stay together. I
observed - 13 times in 5 different classrooms during my observations - children (both boys and
girls) leaving the block center because one of their friends left, which indicated a possible peer
influence on the time children spent in the block center. These observations tie to what
Newcombe and Huttenlocher (2000) discussed as factors influencing the development of
cognition, specifically the spatial development. Social experiences (in this case interaction with
peers) are one of the factors that interact with biological and other environmental factors to
enhance this development. More studies are needed to investigate play behavior of boys and girls
in block center, and how children’s social interactions impact their spatial development.
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Gender Differences in Spatial skills
The findings related to the second part of the question, Is there a difference between
boys’ and girls’ in Head Start classrooms in a southeast state of the United States in terms of
their spatial skills? did not indicate any significant difference between boys’ and girls’ spatial
skills. That said, the mean spatial score for girls (M = 59.42) was slightly higher than boys (M =
57.51), with an effect size of 0.15 (Cohen’s d). This trend is worth exploring further, considering
that many prior studies found a gender difference in spatial skills in favor of boys (Kerns &
Berenbaum, 1991; Leahey & Guo, 2001; Levine et al., 1999; Stumpf, 1993; Voyer et al., 1995).
However, most of these studies were conducted with older children. The studies that included
preschoolers also found that there is a positive relationships between age and the gender
differences in spatial skills (Lauer et al., 2019), such that the gender differences in spatial skills
in favor of boys emerge in late preschool or first grade, and they increase as children get older
(Kerns & Berenbaum,1991; Lauer et al., 2019; Leon et al., 2014; Levine et al., 2005; Maccoby &
Jacklin, 1974), which was consistent with the findings of the current study, since the current
study did not find a difference in boys’ and girls’ spatial skills, however, because the number of
children in the 3- and 5-year-old groups was small, I could not investigate the magnitude of
gender differences by age.
The findings of the current study are also consistent with a study by Levine et al. (2005)
that did not find significant difference between the performance of boys and girl in a low SES
group. The paraticipants of the current study are from low SES families as well. However, the
participants of that study were not the same as the current study; they were second and third
graders.
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In addition, other factors contribute to children’s spatial skills, some of which might have
influenced the findings of the current study. Levine et al. (2005), suggested that there is a
significant interaction between SES and gender in spatial skills, such that boys in higher and
middle SES environments outperformed girls, but no significant difference was found between
boys and girls in lower SES group. The participants of current study were children who attended
Head Start classrooms and therefore were from low SES families. This might be one explanation
for why I did not find a significant gender difference between boys and girls. Future studies
could investigate children from low and high SES backgrounds and compare the results.
Block Play and Spatial skills
The results for the second research question, Is there a relationship between the Head
Start boys’ and girls’ amount of time in the block center and their spatial skills, indicated that
children who spent more time in the block center scored higher on the spatial performance test,
which indicated an effect size of Cohen’s d = 0.47 for the amount of time spent in block center.
The findings are consistent with a study by Jirout and Newcombe (2015) that investigated the
association between children’s spatial play and spatial skills, however, the children in the Jirout
and Newcombe study were 4 to 7 years of age. They found that the frequency of children’s play
with spatial toys (blocks, puzzles and board games) were significantly related to their spatial
score (hp2= 0.01). There was a difference between the magnitude of effect with the current study;
in Jirout and Newcombe (2015) the effect size indicated a small effect for frequency of spatial
play, but the current study found a medium effect for the amount of time children spent in block
center. The reason for these differences could partly be because of differences in methodologies.
Jirout and Newcombe (2015) measured the frequency of the children’s spatial play which was
reported by parents, and children’s spatial skills were measured using the Block Design Subtest
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from the WPPSI-IV. However, the current study measures the amount of time children spent in
the block center and uses the TOSA (Verdine & Golinkoff, 2018) to measure the spatial skills.
Although there were very few studies that investigated the relationship between amount
of time children spend in block center and their spatial skills, there are some studies that
examined the relationship between the complexity of children’s block play and spatial skills.
The findings of the current study are partly consistent with the findings of one of the only
studies that investigated the relationship between the amount of time children spent playing with
blocks and their block construction complexity (Hanline et al., 2001). They found that the time
preschool children spent building with blocks had a positive relationship with their block
structure complexity. No difference was found between boys’ and girls’ complexity of block
structures and the block complexity that was associated with spatial skills. The results in the
current study are aligned with what Hanline et al. (2001) found regarding the amount of time
children spent building with blocks and their score on the Block Construction Scoring Scale.
However, half of the participants of their study were children with special needs which is one of
the factors that was different in the sample of the current study.
In the present study, an interaction trend was found between the gender and the total
amount of time children spent in block center on spatial score. Girls who played more in the
block center scored higher in spatial skills than the other girls (Cohen’s d = 0.70) with one
analysis showing a statistically significant interaction effect (Cohen’s d = 0.96), suggesting that,
playing more in the block center may benefit girls in terms of their spatial skills. As discussed
before, playing in block center was associated with children’s spatial skills, moreover, this trend
indicates that playing in block center might benefit girls’ spatial skills more than boys. The
potential difference here is worth noting because if girls who play more with blocks score higher
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than other girls, and block center play has a larger impact on girls than boys, we should evaluate
how we train in- and pre-service teachers to create an environment that encourages girls to play
in the block center more often. We might want to find ways to make block play more interesting
for girls or consider reasons why girls do not go (or stay!) there as much as boys. Future research
should investigate the relationship between gender and time spent in block interaction and spatial
skills. Note that because the N was small for girls who played in the block center 10% or more of
the time (the cutoff used in that analysis), I interpret this finding with caution and refer to this as
a “trend.”
Other Factors Influencing the Spatial Skills
The findings of the second part of the question, is this relationship moderated by child, or
family characteristics, indicated that child’s age and parents’ level of education were predictors
of children’s spatial skills. These findings are consistent with previous research. Studies suggest
that age of the child is positively related to spatial skills (Lauer et al., 2019; Leon et al., 2014;
Levine et al., 1999). The effect of child’s age with the spatial skills is also aligned with findings
of a longitudinal study by Verdine et al. (2017), to investigate the factors influencing
preschoolers’ spatial and mathematical differences as well as the validity and reliability of the
TOSA (Verdine & Golinkoff, 2018). They used the same instrument used in the current study
TOSA (Verdine & Golinkoff, 2018), to measure children’s spatial skills. The findings indicated a
main effect for age in both 2-D and 3-D trials (hp2 = 0.62, hp2 = 0.81). The older the children, the
better their scores on the TOSA test.
Dearing et al. (2012) investigated factors influencing children’s spatial skills and found
that maternal level of education was one of the factors predicting children’s spatial skills. This
finding is aligned with what the current study found. That said, I collected the “parent’s level of
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education,” which could be the mother or the father, so future studies should investigate specific
family characteristics and their relationship with children’s spatial skills. Investigating family
characteristics and home environment are essential when discussing gender differences.
According to gender schema theory (Bem, 1983), children develop their gender identity based on
the information they receive from their environment, culture, and society. They use this
information to create a schema of characteristics of a male or female. Therefore, understanding
the home environment could help us understand the reasons behind some different choices that
boys and girls make, in this case, why boys choose to play with blocks more than girls at school.
For example, girls might see blocks as a toy for boys because that is a toy that her parents buy
for her brother but not for her.
No significant relationship was found between the amount of time children spent playing
with spatial toys (puzzles, blocks, board games and Legos), however, parents reported girls
played more with spatial toys, which might not be accurate. These findings are not consistent
with the findings of Jirout and Newcombe (2015). Those authors asked parents to report the
amount of time children played with different toys at home and the result indicated that boys
play more with spatial toys than girls. This inconsistency could be explained by various factors,
including that the characteristics of the participants were different. The participants in that study
were 4 – 7 years old (instead of 3-5 years old like the present study), and the families were from
various SES levels. In addition, the method of the data collection varied from the current study.
Although in both studies parents reported children’s spatial play at home, the Jirout and
Newcombe (2015) study asked parents to report the frequency of play with various categories of
toys at home. One of the categories in the questionnaire in that study included spatial toys
(puzzles, blocks and board games); other categories included drawing materials, sound-
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producing toys, dolls, balls, cars, trucks, bicycles, skateboards, and scooters. Giving parents
more option might have assisted in the accuracy of the information provided by parents; in
addition, asking for frequency (rarely, sometimes, often) instead of duration could have made it
easier for parents to report the play time more accurately.
As discussed before, environmental factors impact spatial development (Newcombe &
Huttenlocher, 2000), therefore, knowing more about children’s home environment could help
researchers to better understand differences in children’s spatial skills. The amount of time
children spent playing with spatial toys (puzzles, blocks, board games and Legos) was reported
by parents in this present study, therefore, the results are less reliable than observations. More
studies are needed to investigate the home environment and spatial toys provided for children at
home and their relationship to children’s spatial skills using observational methods. The next
section reviews the limitations of the current study.
Limitations of the Study
The sample size was small. Because of the COVID-19 pandemic and the closure of
schools, I was not able to collect data on the total sample as planned, which included 10 Head
Start classrooms and 100 children. Instead, I had to conduct the study with 8 classrooms which
resulted in a smaller sample size of 75 children. The children were not randomly chosen from all
Head Start classrooms in the area, however, I did select the classrooms randomly. The
population is limited to a southeast state of the United States, which limits the ability to
generalize the findings.
In all Head Start classrooms that were observed, there was a limitation on number of the
children who could attend the block center at a time; most of the classrooms allowed three to
four children to attend the block center, and the rest of the children had to wait for someone to
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leave the center before they could enter. During my observations, there were many times that
some children wanted to play in the block center, but they were not able to do so because the
center was full. Anecdotally, most of the children who wanted in but could not get in were boys,
but this is still worth investigating further. Moreover, the amount of time each classroom was
observed during the free play time was limited to three time periods over 3 separate days. This
decision was made because of the time limitations to collect the data, but future work could
include additional observations or use of cameras. No data were collected on teachers’
background characteristics, which could have been a variable influencing children’s attitude
toward block play as well as their spatial skills. Future work should collect such data and include
information such as teacher interviews.
Implications of the Study
The findings of the study suggested that boys play more in the block center in preschool
Head Start classrooms than girls, at least in the context I observed. In addition, children who
played more with blocks scored higher on a test of spatial skills. This highlights the potential
importance of playing with blocks, which may be especially notable for girls, since girls tended
to play with blocks less than boys. The results of my study suggest that there may be value in
creating professional development opportunities for teachers and administrators to become aware
of the importance of spatial skills in children’s play, the differences between boys’ and girls’
play, and the factors contributing to these differences. Additional support could involve
administrators and teachers to co-develop solutions and programs to address this issue, building
on their strengths.
This tendency of boys to play more in the block center might be the result of the gender
schema girls were beginning to construct based on their environment, culture, and society (Bem,
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1983). Based on their schema of gender they might be starting to associate blocks with boys.
Girls may prefer to follow the gender roles and play with toys that in their schema are associated
with girls. I am referencing the observations I made regarding girls playing separate from boys
during free play time. I once noticed that girls did not let boys play with them by saying “no
boys, only girls”, therefore, the fact that boys spent a lot more time playing in the block center
might be a reason that girls were hesitant to play in the block center. Although it is encouraging
that girls played at the block center at least some of the time during my observation, the amount
of time girls spent playing with blocks could have been more. I believe it is important to find
ways to encourage girls to play more with blocks and create an environment in the classroom to
defy the gender roles defined by the culture and society. As mentioned in the previous section
(Verma, 1980), expanding the block center area or creating a separate space for girls might be a
helpful strategy. Another strategy that could be considered is for teachers to discuss with
children the reasons why everyone should be able to play everywhere in the classroom, with all
the children. Including books in the classroom in which girls are portrayed as engineers,
scientists, and builders could also be an effective strategy (Green, Bigler, & Catherwood, 2004)
to defy these gender roles. Furthermore, considering that children are exposed to toys and
gender-typed ideas at home as well, we need to keep families informed of the rate at which
gender stereotypes are developing and the strategies they can employ to support their children.
The results of the current study indicated that children whose parents have attended some
college performed better on the test of spatial performance than the ones whose parents never
went to college. As discussed in the introduction, students’ self-perception of their abilities
contributes to their performance in mathematics (Goldman & Penner, 2016). Parents’ education
level could influence the educational inspiration for their children. Additionally, parents’ beliefs
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and attitudes impact children’s self-perception of their abilities (Eccles, 2005). Therefore, it is
important for teachers, policy makers, and administrators to keep families informed of practices
and strategies they could employ to support children’s self-perception of their abilities. The next
section reviews topics for future research.
Future Research
Based on the findings of the current study, many threads of research could be developed.
One of the main ones is investigating strategies and interventions to encourage girls to play more
with blocks, such as adding a block center to the classroom or having exclusive girls’ times in
the block center. Future work should also attempt to evaluate experimentally whether increased
block play can cause changes in spatial performance score and gender differences in spatial
skills.
In addition, examining the reasons behind boys’ tendency to play with blocks more than
girls is another important topic for future research as well as conducting studies to understand
children’s, teachers’, and families’ perception of why boys play more with blocks. Observing
children in school and at home as well as their interaction with their family and teachers during
block play could be beneficial in understanding this topic better.
Studies to investigate the impact of parents’ level of education on children’s perception
of their own abilities and its relationship to their spatial and mathematics performance could
contribute greatly to the topic of gender differences in mathematics and its contributing factors.
Other threads of investigation could focus on play behavior of boys and girls in the block
center, influences of peers’ play on boys’ and girls’ play, influence of SES on spatial skills, and
influence of other spatial toys, such as Legos. In addition, playing with spatial toys at home and
the family environment could be investigated in more detail using a more accurate way to
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measure the spatial play at home. To confirm the effect of time spent playing with blocks on
children’s spatial skills, there is a need for experimental studies to investigate the causal effect of
amount of time playing with blocks and its relationship to their spatial score.
Conclusion
The purpose of this study was to investigate the relationship between gender and
children’s play in the block center as well as the relationship between young children’s spatial
skills and playing in the block center. In addition, other moderating factors in skills such as child
SES and age were examined. The results indicated a gender difference in the amount of time
children spend playing in the block center, moreover, children who played more in block center
scored higher in the spatial performance test, which was consistent with previous research done
in this area (Brosnan, 1998; Casey et al., 2008; Newman et al., 2016; Schmitt et al., 2018). These
findings emphasize the important relation between playing with blocks and spatial skills, as well
as the need for encouraging girls to play more with blocks and other spatial toys. There is a need
for more research to evaluate causal mechanisms, to identify social barriers present in preschool
classrooms, and to investigate interventions that could be effective to encourage girls to play
more with blocks and other spatial toys.
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Manual Contents
•

Introduction of the TOSA

•

Administration Instructions

•

Scoring Instructions

•

Score Sheets for Data Collection

•

Instructions for Creating Stimuli

Introduction
The motivation behind creating the TOSA was to design a spatial measure for very young
children that captured a broad spectrum of spatial skills and that provided enough variability in
the age group to study individual differences in spatial skill at very young ages. The scoring
system for the TOSA allows children to receive “partial credit” for preserving spatial
relationships between pieces, creating a wider range of scores that capture more meaningful
variance in 3-year-olds’ performance than the very limited number of other tests which reach
down to such a young age.
Basic Procedure
For each of the 2-D and 3-D portions of the TOSA, participants received a training trial
followed by six test trials. During each test trial, the child was shown a target figure composed of
either 2-D geometric shapes or 3-D interlocking blocks. The child was then given individual
pieces, matching those in the target, and was instructed to make their pieces look just like the
target figure. The task required participants to exercise spatial visualization, shape
decomposition and composition, and manual construction of complex shape forms in planar
space and 3-dimensional space.
Background
This task was part of a larger study that sought to investigate geometric-spatial
knowledge as a precursor to the fundamental STEM (science, technology, engineering, and
mathematics) competencies that we need our children to possess as they enter a globally
competitive workforce. This project examined geometric-spatial abilities and their potential
correlations with mathematical ability over time in preschool children of diverse socio-economic
statuses. The work was designed to diagnose, analyze, and understand the role of spatial
assembly skills in early mathematical competency.
Ages for Which the TOSA is Applicable
Our papers report findings with 3-year-olds between the ages of 37 and 48 months, for
which the psychometric properties of the test yield good results (internal reliability; α = .747)
and predict later skill on standardized spatial measures for the same children at ages 4 and 5
years. The test was also administered to 4-year-olds with mixed results. A number of the items
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had significant ceiling effects and, therefore, the test (as currently outlined below) is not as
appropriate for that age group, particularly toward the latter half of the 4th year. We are working
to find items and procedures to expand the effective range of the test.
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Test Administration
The TOSA is composed of 2-dimensional (2-D) and 3-dimensional (3-D) trials that score
children’s ability to use individual pieces to copy a target design. Scores are tabulated as to
whether the children match the design and according to the errors that they make in the process
of model building.

2-D TOSA Trials
Six constructions (see Table 1) and a training trial, each composed of between two and
four geometric shapes, were used as the target designs (see instructions for creating the materials
below).

Table 1. Six designs used for the 2-D TOSA testing trials.

Design
1

2

3

4

5

6

Children received trials in the same order, starting with the training trial and proceeding
as indicated in Table 1. Each board had a model picture at the top and the component shapes
placed randomly at the bottom of the board, nearest the child.
For the practice trial, the experimenter pointed to the shape pieces and indicated that
he/she was “going to try to make my pieces look just like this picture [experimenter points to
model].” To determine whether the child understood the task, the experimenter placed the shape
pieces incorrectly two times, confirming that the child could identify a non-matching design.
The experimenter then placed the shapes in the correct formation and corroborated the match
with the child. Finally, the experimenter placed the shape pieces in front of the child and
instructed the participant to “make [his/her] pieces look just like the picture.” Most children
correctly perform the task on the first try and many even spontaneously (and correctly) help the
experimenter when they make the errors during training.
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For the six test trials, children received each magnetic board sequentially with the target
design visible throughout a trial and no feedback. The task was untimed, and the participant
indicated completion of each design. The designs were then stacked and, before resetting the
boards for the next child, photographed for later, offline coding of construction accuracy.

3-D TOSA Trials
The 3-D portions of the TOSA included six constructions and a practice item selected to
provide a range of difficulty. The pieces to be constructed were made of interlocking Mega
Bloks® and constructions included two to four blocks. Since the original creation of the task we
were able to find individual Duplo® blocks for sale which we are now using instead (see
instruction on creating the items below)

Table 2. Six designs used for the 3-D TOSA testing trials.

Design

1

2

3

4

5

6

Training and administration of the test trials was the same as in the 2-D trials except for
the materials used, which were a model for 3-D trials made up of an intact, glued-together
construction (rather than a picture of the design) and a set of separated bricks arranged randomly
on the table in front of the child. The separated bricks used for the construction matched the
model in color and number. The model was always left on the table in plain sight and children
were allowed to pick it up, although they were discouraged from playing with it and were not
allowed to add their pieces to it. Participants received all six test trials in a fixed order, as
specified above. As with the 2-D trials, pictures were taken of the designs for later coding.
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Scoring Manual
Scoring
The TOSA is unique because the items permit finer grained analysis of children’s
geometric-spatial strategies and allows children to receive “partial credit” for preserving spatial
relationships between pieces, as opposed to using an “all or none” scoring system similar to most
standardized tests. Scoring is accomplished through a scheme that analyzes the child’s
construction across a number of dimensions. The advantage to this approach is that the test
produces a wider range of analyzable variability in performance for very young children in
comparison to standardized tests on which very young children may only get one or two items
completely correct. The wider range of scores for young children allows this test to more easily
differentiate skill differences between children in the “normal” range whereas most standardized
spatial tests only produce enough variability at age 3 to detect children who are scoring
exceptionally well or who are particularly delayed.
Scores for the two different types of trials (2-D and 3-D) are calculated independently, as
outlined below. Each participant is then given a z-score for their performance on each set of
trials. The average z-score for the two trial types then serves as the child’s overall score for the
TOSA.
In the instructions below you will notice that we discuss how to code “basic” scores for
both 2-D and 3-D trial types. These scores are much more akin to the “all or none” scoring of
many of the standardized tests and therefore share some of the drawbacks of that system. Basic
scores have a limited range (0-12 as opposed to 0-76 for dimensional scoring) which results in
distributions that are less normal and have less variability. Also, children receive credit only
when they are 100% correct, even if they display some competence in completing the trials,
which may obscure relatively small but potentially important differences in spatial competence at
this age. Preliminary analyses of this data show that they are correlated with the more detailed
scoring and that they do correlate with other measures, but the correlations are generally lower
and the psychometric properties of the resulting data are not as good. For example, correlations
between the TOSA given at age 3 and the Woodcock-Johnson Spatial Relations subtest given at
age 4 were .437 for the dimensional scoring system presented below and .398 for the match
scoring system. Correlations between the TOSA at age 3 and the WPPSI Block Design subtest
at age 4 were .555 and .426 respectively. In future development of this test we aim to better
quantify these differences and determine whether the basic scores can be useful as a “quick and
dirty” way to score the test. In the short-term we recommend using the detailed coding scheme
unless practical concerns (e.g., the need to immediately code designs online) dictate the use of
the basic scoring scheme.
Necessary Assumptions
A number of assumptions are necessary for the detailed scoring of the TOSA trials. First,
each figure is viewed as a whole made of component pieces. We assessed the placement of each
component piece with respect to a main, “base” piece. The central and/or largest piece was
chosen as the “base” of each figure. Across designs the base piece tends to serve as the connector
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between the most pieces. We use the base piece to provide a referent by which to judge the
position of component pieces.
A problem in trying to score complex figures is that, as component pieces are added, the
dimensions on which you might award points for “correctness” begin to become more
dependent. These coding schemes strive to limit dependencies, which might cause a single
mistake by a child to prevent them from getting many points while bigger mistakes might receive
smaller penalties.
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2-D Trial Coding
Detailed Scoring
Materials
•

Photographs of the participants’ designs
o To ease coding and allow a permanent record of the data a camera jig -see belowis used such that the pictures are taken from straight down and print outs can be
made to the original scale (1:1), allowing us to make accurate measurements and
mark up the images

•

x,y-axis overlay for coding horizontal and vertical direction
o These were just a set of axes printed with the axes parallel to the edges of a
transparent overlay

•

Laminated cards featuring the target models for adjacent pieces

•

Coding overlay for scoring translation in relative position
o These are the target images printed on a transparent overlay at a scale that
matches the size of the component pieces. If a child’s design perfectly matched
the target image the overlay should perfectly match the child’s design.

•

A ruler with centimeters and millimeters

•

A protractor to measure angles

•

A copy of the scoring sheet
Camera Jig:

125

TOSA: 2-D Scoring
126

General Instructions:
Throughout this manual “model” will be used to refer to the target design that the child is
supposed to reproduce. The word “copy” will be used to refer to the design that the child
produces. “Figure” is also a term used to refer to the whole design.
Each figure is pre-assigned a base piece (see Figure 1 at the bottom of the Detailed Scoring
section). The base piece is never scored. The other pieces in the design, called component
pieces, are all scored.
This coding scheme was designed to work specifically for Items 1-6 in Figure 1 of this manual,
but the rules were intended to be flexible enough to work for new and more difficult versions of
2-D designs.
You will be coding independent dimensions designed to capture how children conceptualize the
spatial relationship displayed in the model. Each dimension is explained below. The first
dimension (adjacent pieces) is designed to capture whether children appreciate that each model is
a unified figure. The second two dimensions (horizontal and vertical direction and relative
position) are designed to capture children’s understanding of where each component piece
belongs.

Figure 1. Base Pieces and Home Quadrants for Component Pieces
Item 1:

X
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E
X
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Adjacent pieces - “pieces touching” - measurement
Adjacent Pieces awards points for a child that correctly places a piece next to the correct
neighboring pieces regardless of whether there is an error in the direction or relative orientation
of those pieces. Thus it acknowledges when children duplicate the relationship between two
adjacent pieces in their copy.
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For each component piece, look at each piece that is directly attached to it in the model (these
shapes are referred to as “neighbors”). In the current set of shapes outlined in Figure 1, most
component pieces have only 1 neighbor, which is also the base piece. The blue pentagon in Item
5 is the only exception and should be scored against two neighbors (the pink square and the
green hexagon).
To score Adjacent Pieces, ask the series of questions below (example in Figure 3):
1) For each component piece in the child’s copy, is the nearest shape the correct neighbor shape?
If it is, score a 1.
If it is not, proceed to the next question.
2) Is the correct neighbor within 1 cm., in any direction and to any point on the shape, of the
component piece being scored?
If it is, score a 1.
If it is not, give the relationship a 0.
For Item 5, or future items in which pieces have more than one neighbor, ignore other valid
neighbor(s) when answering question 1 and only proceed to question 2 if a non-neighbor is
closer to the component piece that is being scored. See Figure 3 for an example of how the
pieces would be scored for Item 5.
The 1 cm qualification, mentioned in question 2 above, is to allow for when a child jams the
pieces close together and may have a non-neighbor closer to the component piece being scored,
even though the correct neighbor is still quite close by. Without the additional qualification that
the neighbor can be within 1 cm., a non-neighbor piece that is very near the component piece
being scored would prevent the child from getting any points for that relationship even though
the correct neighbor could still be very close by.

Figure 3: Adjacent Pieces Example
The black triangle would receive a 1 for its relationship with the pink square, its neighboring piece, because that is
the closest piece to it. The green hexagon would receive a 1 for its relationship with its neighboring piece, the blue
pentagon, again because it is the closest piece. The blue pentagon would receive a 1 for its relationship with the
green hexagon because, although the triangle is the closest piece, the green hexagon is within 1 cm. of the blue
pentagon. However, the blue pentagon would receive a 0 for its relationship with the pink square since the pink
square is not the nearest non-neighbor piece (the triangle is closer) and the square is farther than 1 cm. from the blue
pentagon.

Model

Child’s Copy
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Horizontal and vertical direction – “correct side or correct top or bottom” – 1
possible point per piece
Horizontal and vertical direction captures whether the child knows that the component pieces
belong either above or below or to the left or the right of the base piece. To score this dimension
more readily, we created transparent x, y-axes to superimpose over the child’s base piece.
Because this is relative to the model, we superimpose the transparency on the child’s copy such
that it is aligned with the top and bottom and sides of the board. The center of the base piece of
the child’s copy can be determined by drawing lines between opposing vertices of the shape (see
dotted lines in Figure 4).
In order for the child to lose credit for the position of a component piece, 50% or more of the
volume of the piece must have crossed the x or y-axis by comparison to the model. For each
component that is misplaced more than 50% across either the x or y-axis, award 0 points. For
each component that is not misplaced, award 1 point. Once points are assigned, also assign an
error code to each component as per the rules below.
The above rules for assigning points apply to the current set of 6 items as follows:
Shapes assigned 1 of the 4 “home quadrants” in Figure 1 (NE, SE, SW, NW) will lose points if
more than 50% of those shapes are shifted across either the x or y-axis (i.e., 50% or more of the
shape is outside of the home quadrant). Pieces perfectly straddling an axis (those marked X or Y
in Figure 1; e.g., the pink triangle in Item 3) should be coded as incorrect if the piece crosses the
axis it is supposed to be resting on completely. By virtue of these X and Y pieces being on an
axis in the model, 50% of the shape is supposed to be across an axis. Therefore, in order for
50% more of the piece to have moved across the axis, the shape will have moved 100% of its
volume above/below (for pieces marked X) or to the right/left of the axis (for pieces marked Y).
These X and Y pieces should be subjected to the same rule as all the other pieces for the axis
they are not straddling. For example, in order for the pink triangle in Item 3 (an X piece) to lose
points for crossing the y-axis (a shift to the right), only 50% or more of the triangle would need
to appear to the right of the y-axis. It would not need to cross the y-axis 100%, since the triangle
starts completely to the left of the y-axis.

Error Codes:
If a piece is correct, it gets an error code of 0.
If a piece is marked as incorrect, go on to record the direction of the error depending on which
axis or axes the piece was moved across and the quadrant the piece was incorrectly moved into:
Error Direction
0 = no error
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1 = up/down error – 50% or more of the piece moves across the x-axis
2 = left/right error – 50% or more of the piece moves across the y-axis
3 = both errors – 50% or more of the piece moves across both the x- and y- axes
Error Quadrant
NW, NE, SE, SW, or NA (for no error)
These additional codes are only to account for the types of errors and are not to be factored into
the overall score for the 2D design assembly task.

Figure 4: Horizontal and vertical direction Example for Placing the X, Y-Axis Overlay
YAxis

guides to find center of
piece

XAxis
base
piece

Figure 5: Horizontal and vertical direction Scoring Example of Participant Copy
The child has moved the blue square from its home quadrant in the NE (top right) more than 50% across both the x
and y axes into the SW (bottom-left corner). Therefore, that piece would receive a score of 0 and the error code
would be a “both” error (i.e., 3). The pink triangle, which straddles the x-axis, has not moved completely into either
the NW or SW quadrants. It also has not crossed the y-axis. Therefore, it is “correct” and receives a score of 1 with
an error code of 0. If the pink triangle were just a little farther up, it would cross completely into the NW quadrant
(more than 50% of the shape would move across the x-axis), in which case it would receive a score of 0 and an error
code of 1 for an up/down error.
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YAxis

XAxis

Relative position – “pieces in correct spot relative to the base” – 1 possible
point per piece
This dimension is intended to award points to children who maintain the most relationships
between the component pieces they see in the model. This allows us to score whether children
get the relationships between the pieces even if the overall orientation of their copy is wrong. To
do this, we introduce the term “home orientation” to capture how the child has aligned their
figure with the model.
To find a figure’s home orientation you need to try every possible rotation of the child’s copy in
which the base piece matches the model. You are doing this to find the location where the
child’s score will be highest. Therefore, take note of the number of component pieces that are
correctly placed (use scrap paper to help remember the number of correct pieces), as you will be
comparing different possible home orientations to see which achieves a higher score.
While following the steps below, it may be helpful to reference Figure 6.
Step 1: Rotate the entire overlay clockwise until the base piece on the overlay is aligned with the
base piece for the child’s copy. Take note of the number of component pieces that are correctly
placed (use scrap paper if necessary). In order for a location to be considered “correct,” there
cannot be a translation error. A “translation error” occurs when any point on the participant’s
component piece falls farther than 1 cm. from the correct location of that same point (i.e., more
than 1 cm. from the same spot on the overlay-- see Figure 7).
Step 2: Continue rotating the overlay clockwise into another orientation in which the base piece
on the participant’s copy is aligned with the base piece for the overlay. Again take note of the
number of the number of pieces that are in the correct location.
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Step 3: If necessary (depending on the shape of the base piece), continue rotating the overlay
clockwise, noting the number of correct component pieces for every orientation of the child’s
base piece that can match the orientation of the model’s base piece (e.g., rectangular bases only
have 2 valid orientations, triangles have 3, etc.)
Step 4: Once all possible orientations of the base piece have been considered, select the “home
orientation” in which the largest number of pieces is in the correct locations. If multiple
orientations yield the same number of points, select the “home orientation” that required the
smallest degree of rotation to match the child’s base piece compared to the orientation of the
model’s base piece. Please do not trust your “eye” for making this judgment unless it is very
obvious. As Figure 8 may illustrate depending on your own spatial skills, angle differences of as
large as 10 degrees can be hard to judge. Once you have selected the “home orientation” that
maximizes relative position scores, write down a score (1 or 0) for each component piece based
on that orientation.
Optional - Step 5: Rotation: Using a protractor, the coder should score how far they had to
rotate the overlay from the “home orientation” to match the orientation of the overlay to the
model This measurement should be taken as the smallest magnitude rotation in either direction
(clockwise or counter-clockwise) with counter-clockwise rotations receiving a negative sign in
front of them (see Figure 8). Rotation scores will be bounded between -180 and 180 degrees. If
0 points were awarded for relative position, just record the smallest amount of rotation necessary
to make the child’s base piece match the orientation of the base piece on the model. Scoring
rotation is considered optional because it was not used in the overall scoring for the TOSA but
has been reported in some papers and could be interesting depending on your own motivations
for using the test.
Figure 6: Relative position Example (page 1 of 3)
Model

Child’s Copy in Original Orientation

Step 1: Set the overlay so that the base piece matches the child’s copy. Note how many of the
component pieces are in the correct location compared to the overlay (in this case the score is
just 1, the black hexagon)
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Step 2: Rotate the overlay clockwise until the base pieces are again aligned. Note how many of
the component pieces are in the correct location (in this case the score is just 1 again, the pink
triangle)

Step 3: There are only 2 possible orientations for a rectangle so no further rotations are
necessary.
Step 4: The “home orientation” would be the orientation from Step 1 since both orientations
result in 1 point and the orientation from Step 1 requires the smallest magnitude of rotation from
the original orientation of the child’s copy to match the model.

Model Orientation

Orientation - Step #1
134
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Step 5: Measure the amount of rotation necessary to match the child’s “home orientation” to the
model orientation. In this example, it is -18 degrees (black outline is the child’s original design,
and the blue outline is the orientation of an orthogonal part of the base piece as it would need to
be to be aligned with the base piece in the model. The red lines and text show the angle of
rotation necessary to make them match. Another way to think about this is to take the overlay in
the “home orientation” and rotate it to exactly match the model. The number of degrees you
rotate the overlay to match the actual model is the angle of rotation that needs to be measured*.
If you turn the overlay clockwise the sign is positive and if you turn the overlay counterclockwise the sign is negative.

-18

*There are many ways to measure the angle of rotation. In cases where there is a reasonably
large degree of rotation, using a pencil and the image of the model you can draw lines extending
the same edges of the base piece on the child’s design and the model. Where the lines intersect
you can measure the degree of rotation. In cases where these lines do not intersect, you can often
measure the angle from where it intersects the edge of the board, since many of the models are
aligned with the sides of the board. Measuring the angle of rotation can be a bit of a geometry
problem.

135

TOSA: 2-D Scoring
136

Figure 7: Translation Error Examples
Coding overlay

If this error is less
than 1 cm. this
would be considered
correct and the
component would
get a 1. If the error
is more than 1 cm.,
this component piece
would receive a
score of 0. As
shown, you need to
measure from the
overlay to the same
location on the
shape.

Figure 8: Rotation Scoring Examples

Example 1
Negative Rotation
(-35 degrees)

Model

Example 2
Positive Rotation
(25 degrees)
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Basic Scoring
In addition to the detailed scoring scheme above, a more simplified scoring scheme is used as a
“quick and dirty” method of scoring the test. Correlations between this scoring system and the
more detailed scoring tend to be around 0.7 - 0.8. This scoring scheme also tends to predict to
later spatial skills, although not as well as the detailed scoring scheme, particularly as the time
between TOSA administration and administration of the other spatial tests increase.
The basic coding scheme essentially asks, “Was the participant’s reconstruction 100% correct?”
and could have been used without doing the detailed scoring. In practice we used the following
rules, which were based on data from the detailed scoring, to determine a participant’s basic
score for each trial:
1.

For the component piece did the participant have less than 1 cm. (10mm.) of error for
adjacent pieces, less than 30 degrees of rotation error, and receive a point for piece
relationships, horizontal and vertical direction, and relative position?
If yes, the component piece receives a basic score of 1.
If no, the component piece receives a basic score of 0.

2.

Did all component pieces receive a basic score of 1?
If yes, the Item Basic Score is 1.
If no, the Item Basic Score is 0.
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2-D TOSA Scoring Sheet:

Participant ID: ________________

Coder Name: _________________

School: ______________

TOSA: 2-D Score Sheet

Testing Date: ______________

Item 1
Horizontal and Vertical Direction

Basic
Score
(0/1)

Score
(0/1)

Quadrant
(NE, SE,
SW, NW,
N/A)

Error
(L/R =1;
Up/Dn = 2;
Both = 3;
N/A = 0)

Relative Position

Score
(0/1)

Rotation
(degrees)

Adjacent Pieces

Score (0/1)

Item 1a – Yellow Circle

Item 2
Horizontal and Vertical Direction

Basic
Score
(0/1)

Score
(0/1)

Quadrant
(NE, SE,
SW, NW,
N/A)

Error
(L/R =1;
Up/Dn = 2;
Both = 3;
N/A = 0)

Relative Position

Score
(0/1)

Rotation
(degrees)

Adjacent Pieces

Score (0/1)

Item 2a – Pink Pentagon

Item 3
Horizontal and Vertical Direction

Basic
Score
(0/1)

Score
(0/1)

Quadrant
(NE, SE,
SW, NW)

Error
(L/R =1;
Up/Dn = 2;
Both = 3;
N/A = 0)

Relative Position

Score
(0/1)

Item 3a – Blue Square
Item 3b – Pink Triangle
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Rotation
(degrees)

Adjacent Pieces

Score (0/1)

2-D TOSA Scoring Sheet:

Participant ID: ________________

Coder Name: _________________

School: ______________

TOSA: 2-D Score Sheet

Testing Date: ______________

Item 4
Horizontal and Vertical Direction

Basic
Score
(0/1)

Score
(0/1)

Quadrant
(NE, SE,
SW, NW)

Error
(L/R =1;
Up/Dn = 2;
Both = 3;
N/A = 0)

Relative Position

Score
(0/1)

Rotation
(degrees)

Adjacent Pieces

Score (0/1)

Item 4a – Green Triangle
Item 4b – Pink Circle

Item 5
Horizontal and Vertical Direction

Basic
Score
(0/1)

Score
(0/1)

Quadrant
(NE, SE,
SW, NW)

Error
(L/R =1;
Up/Dn = 2;
Both = 3;
N/A = 0)

Relative Position

Score
(0/1)

Rotation
(degrees)

Adjacent Pieces

Score (0/1)

Item 5a – Black Triangle
Item 5b – Blue Pentagon
To Hexagon

To Square

Item 5c – Green Hexagon
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2-D TOSA Scoring Sheet:

Participant ID: ________________

Coder Name: _________________

School: ______________

TOSA: 2-D Score Sheet

Testing Date: ______________

Item 6
Horizontal and Vertical Direction

Basic
Score
(0/1)

Score
(0/1)

Quadrant
(NE, SE,
SW, NW)

Error
(L/R =1;
Up/Dn = 2;
Both = 3;
N/A = 0)

Relative Position

Score
(0/1)

Item 6a – Pink Triangle
Item 6b – Black Hexagon
Item 6c – Yellow Circle
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Rotation
(degrees)

Adjacent Pieces

Score (0/1)

2-D TOSA Scoring Sheet:

Participant ID: ________________

Coder Name: _________________

School: ______________

TOSA: 2-D Score Sheet

Testing Date: ______________

Table 3. 2-D Trials: Total Points Possible for Each Shape Design by Dimension.
1

2

3

4

5

6

Design

# of Pieces
Adjacent
Pieces
Horizontal
and Vertical
Direction
Relative
Position
Total

Total

2

2

3

3

4

4

18

--

--

2

2

4

3

11

1

1

2

2

3

3

12

1

1

2

2

3

3

12

2

2

6

6

10

9

35
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3-D Trial Coding
For the 3-year-old sample initially tested, items 1 and 2 from the 3-D trials were at ceiling
performance. Therefore, trials 1 and 2 were not included in the final scoring. We continue to
include these items because pilot testing has shown that children at the youngest part of that age
range (age 36 months) are capable of understanding and completing parts of the test and those
items may be necessary to include with younger age groups. A focus of our future development
of the test is to create items and procedures to administer the test to a wider age range.
Scoring Step 1: Base Piece Coding
For Step 1, we score how the non-base pieces are located relative to the base piece.
The base piece is always the largest piece. It is always located on the bottommost layer.
There are three scoring dimensions. Each dimension is to be scored on its own merits without
regard to the other scoring dimensions.
•

Vertical location – whether a piece is located on the correct vertical level with respect to the
base (above, below, same level). A piece that should be above (or below) the base piece but
is too far above/below the base piece (because another piece was incorrectly placed in
between) loses a point for vertical location.

Correct:
•

Rotation – whether the piece is oriented in the correct way with respect to the base (parallel
or perpendicular)
o 2x2 blocks cannot be scored for piece rotation

Correct:
•

Incorrect:

Incorrect:

Translation – whether a piece is located in the correct horizontal position relative to the base
o Remember, vertical location is not a factor. If a piece is on the wrong vertical level
but connected to the same pips as in the model, then it still receives full credit
o For pieces adjacent (but not connected) to the base:
If the piece is oriented correctly (receives a score for piece rotation) the pieces
must look exactly as they are in the model or it will receive no points.
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Correct:

Incorrect:

o If the non-base piece does not receive a point for piece rotation (i.e. is oriented
incorrectly), then it must be located adjacent to the correct pips (or correct column of
pips) on the base.

Correct:

Correct:

Incorrect:
o For pieces connected to the base, the piece must connect to the same pips as the piece
in the model in order to receive full marks.
Examples of errors that still receive points for translation:

Correct:

Correct:

Correct:

o Clarification example: In the child’s design below, the blue piece is covering the
correct pips on the base piece (yellow), but it is also connected to an extra pip on the
base piece due to a rotation error. If a child makes a rotation error like that shown,
they would lose the rotation point but would still get the translation point, since the
blue piece is attached to the correct 2 pips. This lets us keep rotation points as
independent as possible from translation (otherwise a rotation error would often result
in a translation error as well).

Model:

Child’s Design:
Scoring Step 2: Subset Scoring
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Constructions 3-6 are more difficult than the preceding constructions in that there are multiple
non-base pieces, meaning these pieces have spatial relationships that are independent of the base
piece.
To accurately code children’s answers and to give them more credit on these particularly difficult
constructions, the non-base pieces for these constructions are coded separately on their relations
to each other.
For these constructions, the non-base pieces are grouped into dyads. Each subset dyad is
assigned a ground piece in the same manner as used in the more general 3d scoring, with the
largest piece acting as the ground piece.
The dimensions used are the same as the base piece coding and should be scored exactly as they
would have been in general scoring:
• Vertical location: Whether a given piece is placed on the correct vertical level with
respect to the ground piece.
• Translation: Position of a block on the horizontal axis relative to the ground piece.
• Rotation: Whether a given piece is rotated in the correct direction related to the ground
piece.
Notes:
• Construction 6, subset 2 has the ground piece on top of another piece – this is the only
time this happens.
• These pairs are graded without regard to their position relative to the base.
• As in base-relations coding, the absolute cardinal direction of the model is not scored.
• Not all dimensions can be scored for all subsets – this is reflected on the score sheet. For
example, subset 1 of Construction 4 has no piece rotation score available, as 2x2 blocks
cannot rotate.
• On the score sheet, pictures are provided showing all possible correct designs for the
given item.
o Note that for Construction 6, subset 2, that there are some flipped versions of the
subset that are incorrect even though they are very similar to the correct design –
pay close attention to this subset while scoring. Examples of the correct and
incorrect designs follow:

o Correct:
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o Incorrect:
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3-D TOSA Scoring Sheet:

Participant ID: ________________

TOSA: 3-D Score Sheet

Coder Name: _________________
______________

School: ______________

Testing Date:
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Base Piece Scoring
Construction 1 – Small Step

Vertical
Location
Score
Possible

Piece
Rotation

Translation

Basic Score
(perfect on other
dimensions)

N/A
1

0

1

Vertical
Location

Piece
Rotation

Translation

1

1

1

Piece
Rotation

Translation

2/2 = 1

Construction 2 – Big Step

Basic Score
(perfect on other
dimensions)

Score
Possible

3/3 = 1

Construction 3 – Dinosaur

Vertical
Location

Basic Score
(perfect on other
dimensions)

Score
Possible

2

1 (No
Square)

2

5/5 = 1

Translation

Basic Score

2

5/5 = 1

Construction 4 – Helicopter

Vertical
Location

Piece
Rotation

(perfect on other
dimensions)

Score
Possible

2

1 (No
Square)
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3-D TOSA Scoring Sheet:

Participant ID: ________________

TOSA: 3-D Score Sheet

Coder Name: _________________
______________

School: ______________

Testing Date:
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Construction 5 – T-Shape

Vertical
Location

Piece
Rotation

Translation

3

2 (No
Square)

3

Basic Score
(perfect on other
dimensions)

Score
Possible

8/8 = 1

Construction 6 – Long Arm/Short Arm
Vertical
Location

Piece
Rotation

Translation

Basic Score
(perfect on other
dimensions)

Score
Possible

3

2 (No

3

Square)

8/8 = 1

Subset Scoring
Construction 3 – Dinosaur

(Note – base piece must be used to determine the distance between the ground and non-ground piece for
this design – vertical location does not take the base piece into account).

Subset 1

Vertical
Location

147

Piece
Rotation

Translation

Basic Score
(perfect on other
dimensions)

3-D TOSA Scoring Sheet:

Participant ID: ________________

TOSA: 3-D Score Sheet

Coder Name: _________________
______________

School: ______________

148

Score
Possible

Testing Date:

N/A
1

N/A

1

2/2 = 1

Construction 4 – Helicopter

Subset 1

Vertical
Location

Score
Possible

Piece
Rotation

Translation

Basic Score
(perfect on other
dimensions)

N/A
1

N/A

1

2/2 = 1

Construction 5 – T-Shape

Subset 1

Vertical
Location

Score

Piece
Rotation

N/A

148

Translation

Basic Score
(perfect on other
dimensions)

3-D TOSA Scoring Sheet:

Participant ID: ________________

TOSA: 3-D Score Sheet

Coder Name: _________________
______________
Possible
Subset 2

School: ______________
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1

N/A

1

Vertical
Location

Piece
Rotation

Translation

Score
Possible

Testing Date:
2/2 = 1
Basic Score
(perfect on other
dimensions)

N/A
1

N/A

149

1

2/2 = 1

3-D TOSA Scoring Sheet:

Participant ID: ________________

TOSA: 3-D Score Sheet

Coder Name: _________________
______________

School: ______________

Testing Date:
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Construction 6 – Long Arm/Short Arm

Subset 1

Vertical
Location
Score
Possible

Piece
Rotation

Translation

Basic Score
(perfect on other
dimensions)

N/A
1

N/A

1

Vertical
Location

Piece
Rotation

Translation

1

1

1

Vertical
Location

Piece
Rotation

Translation

Subset 2

2/2 = 1
Basic Score
(perfect on other
dimensions)

Score
Possible

3/3 = 1

Subset 3

Score
Possible

Basic Score
(perfect on other
dimensions)

N/A
1

N/A

150

1

2/2 = 1

3-D TOSA Scoring Sheet:

Participant ID: ________________

TOSA: 3-D Score Sheet

Coder Name: _________________
______________

School: ______________

Testing Date:
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Table 4. 3-D Trials: Total Points Possible for Each Shape Design by Dimension.
1

2

3

4

5

6
Total

Design
# of Pieces

2

2

3

3

4

4

Block
Lengths

2,3

3,4

2,3,6

2,3,4

2,3,4,6

2,3,4,6

1

1

3

3

5

6

19

0
1

1
1

1
3

1
3

2
5

3
6

8
19

2*

3*

7

7

12

15

46

Vertical
Location
Rotation
Translation
Total

18

Note. Piece rotation was not scored for component blocks that are 2 studs x 2 studs because they
are symmetrical.

*Since the first two trials were at ceiling for 3-year-olds, these trials were left out of the final
score for this portion of the test, yielding a total score of 41 points.
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Constructing the 2-D and 3-D
TOSA Stimuli
2-D Trials
Recommended Materials List:
• Self-adhesive magnetic sheets:
o ProMag Adhesive Magnetic Sheet- 4 sheets at 4" x 6"
• Self-adhesive foam sheets:
o Creative Hands smART Foam Sheets (5.5” x 8.5”, 50-Pack, Rainbow Colors)
• Exacto knife or other sharp “hobby knife”
• Black magic marker
• Double-sided scotch tape
• Whiteboards
o 11" x 8.5" Quartet Magnetic Whiteboards
o The actual white, magnetic work surface measured 9-1/2" x 7-5/8"
• Model images and exploded shape template (pages below) printed on card stock, photo
paper, or heavy paper.
Creating the 2-D Stimuli:
Models:
•
•

•

Print out the models page and cut around the black rectangles for the models.
Thick card stock or photo paper is preferable and/or laminating helps the models stay in good
shape (children will try to grab and pick at them periodically.)
o Double-sided scotch tape on the back of the models is a good non-permanent way to
affix them because the tape is thin enough that children cannot get their fingers
underneath the cards easily.
Affix the models to the top-center of each whiteboard.

Foam Shapes:
•

•

Prepare your shape templates:
o Print out the exploded shape template on card stock or photo paper.
o Carefully cut out each shape from the template page with scissors.
o Use the card stock pieces as a stencil for cutting out the foam shapes as described
below.
Affix magnet to the back of the foam before cutting out shapes:
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•

o Group the shapes by color and lay them on top of a similar colored sheet of foam
close together but far enough that you can cut around them.
o Mark a rectangle on the foam that will go around all of the shapes and cut out that
rectangle.
o Affix a similar sized piece of magnet to the back of the foam.
Cut out the foam shapes:
o Trace around shape templates onto foam using the black magic marker.
o Use a hobby knife to cut around the shapes and through the magnet.
This will require a reasonable amount of pressure to get through the foam and
magnet, so be careful. It helps a lot of if you are using a new blade. Holding
the knife so that the handle is at a 45 degree angle or less to the table (as
opposed to the handle being closer to perpendicular to the table – i.e., 90
degrees) will also help with cutting.
Our lab has started to use a Cricut to cut out shapes, which results in clean
cuts and consistent copies of the same shape. This piece of equipment is
likely more money and trouble than it is worth for making only a couple
copies of the foam shapes, but works well if you have one at your disposal or
if you are creating many shape sets.

3-D Trials
When referring to block dimensions in this section we refer to the blocks by the number of pips
(or pegs) they have when looking down on the top of the block. All of the blocks are 2 pips
wide.
Using half of the blocks, assemble the models and glue the pieces together using hot glue. Leave
the other half of the blocks loose for the participants to build with.
Full set of 3-D Trial Models:

Practice
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Test #1

Test #2

Test #3

Test #4

Test #5

Test #6

Lego Duplo Blocks
• Lego Duplo Blocks can be ordered individually. Lego offers a service called “Bricks &
Pieces” which is more extensive than the standard online brick orders and can be found here
(https://www.lego.com/en-us/service/replacementparts/sale). The Element ID’s are very
helpful in finding the right pieces.
• These are the necessary quantities for one complete set.
Image

Element ID
230021

Size
2x6

Color
Red

Quantity
2

4558881

2x3

Red

6

343721

2x2

Red

4

301121

2x4

Red

2

4168579

2x2

Green

4

4168312

2x6

Green

2

230024

2x6

Yellow

2
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Image

Element ID
301124

Size
2x4

Color
Yellow

Quantity
6

343724

2x2

Yellow

2

4558884

2x3

Yellow

2

4613700

2x3

Blue

4

4167177

2x4

Blue

2

4166960

2x2

Blue

2
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2-D Models:

156

157

Appendix C: Family Survey
Dear Participant,
My names is Narges Sareh and I am a doctoral student in Early Childhood Education at East
Tennessee State University. I am examining the link between gender differences in young
children’s block play and their spatial performance. If you have decided for you and your child
to participate in this study, please answer following questions and return it to the teacher in the
same envelope with your permission form. The following survey will take approximately 3
minutes to complete. There is a minimum risk of your information to be identifiable. I will take
appropriate safety measures to make sure that your information remains confidential and only the
research staff can have access to it. I will enter the data in a coded sheet which will be kept
securely on ETSU One Drive. I will also keep the original surveys in a locked drawer in my
office at ETSU.
Thank you for taking the time to assist me in my educational endeavors. If you have any
questions or concern please feel free to contact me or my advisor at the email or number listed
below.
Sincerely,
Narges Sareh
Email: sarehn@etsu.edu
Phone: (865)686-2265
Alissa Lange
Email: Langea@etsu.edu

______________________________________________________________________________
_______
Name of the child:
What is your child’s age?
What is your child gender?
A. Male
B. Female
What is your marital status?
A. Married
B. Separated
C. Divorced
D. Never married
E. Other ---------What is your race/ethnicity?
A. African American
B. Asian
C. White
D. Hispanic
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E. Middle Eastern
F. Other ______
What is your highest level of education?
A. High School
B. Some College
C. Bachelor’s Degree
D. Graduate Degree
Other ________
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